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LECTURE NOTES 


POR 


CHEMICAL STUDENTS. 


CHAPTER 1. 
INTRODUCTORY. 


Derritrox.—Chemistry is the seience which treats of the 
composition of all Kinds of matter, and of those changes in 
composition which result) from the action, either of different. 
kinds of matter upon each other, or of external forces upon 
one and the same kind of matter. 

Simpe_e asp Compounpn Moarren.—All kinds of matter are 
divided into two great classes—simple substances, und com- 
pound substances. A simple substance is one out of whieh it is 
impossible to obtain, by any known process, two or more essen: 
tially diffvrent hinds of matter. A compound substance, on the 
other hand, ts one whieh ean be resolved into two or more 
simple substances. The simple substances at present known 
are sixty-two in number, and are termed elements. By the 
combination of these elements with each other, all the infi- 
nitely varied forms of terrestrial matter are produced. 

Mopsrs or Cuemican Acrion.-- Matter undergoes chemical 
change in five different ways, viz. :— 

Ist. By the direct combination of clements or compounds 
with each other. 

2nd. By the displacement of one clement or group of ele- 
ments in a body by another clement or group of clements. 

ard. By a mutual exchange of elements or groups of clements 
in two or more bodies. 

4th. By the rearrangement of the elements or groups of 
elements already contained in a body. 
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5th. By the resolution of a compound into its elements, or 
into two or more less complex compounds. 

Atomio Wetent.—Chemists assign to every element a 
number called its atomic weight. This number is not fixed 
according to any invariable rule, bu’ the following, especially 
the second, are the chief considerations which serve as guides 
in its determination :— 

Ist. The amallest proportion by weight in which the ele- 
ment enters into or is expelled from a chemical compound,— 
the smallest weight of hydrogen so entering or leaving a che- 
mical compound being taken as unity. 

2nd. The weight of the element in the solid condition which, 
at any given temperature, contains the same amount of heat 
as seven parts by weight of solid lithium at the same tempe- 
rature. 

3rd. The weight of the clement which, in the form of gas 
or vapour, occupies, under like conditions of temperature and 
pressure, the same volume as one part by weight of hydrogen. 

The atomic weight of a compound is the sum of the atomic 
weights of its clements. 

The atomic weights of the elements are given in the Table 
at pago 6. 

Atoms ann Mortcuittes.—The proportional amount of any 
element represented by its atomic weight, as above described, 
is commonly called an atom of that element. 

When an element is isolated, or separated from every other 
kind of matter, its atoms still exist, except in a few cases, in 
combination with cach other. In many instances the atoms of 
isolated elements are associated in pairs when thus combined. 
Such an isolated atom or group of atoms constitutes an elemen- 
tary molecule. 

The bulk of a molecule, or the molecular volume of an ele- 
ment in the gaseous or vaporous condition, is the same as the 
molecular volume of hydrogen at the same temperature and 
pressure; and the molecular weight of an element is in a large 
number of cases twice its own atomic weight. 
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The following is a list of those elements whose molecular 
volumes have been determined. 


Molecules containing of the clement 


| One atom. | ‘Two atoms, Three atoms, | Fouratoms. ' Six atoma. 
| Afonatomic Diatomic Triatomic { Tetratomie | Heratomic 
| Molecules, | Molecules. Molecules. | Molecules. «= = Molecules. 








Fa se 

‘Mercury. | Hydrogen. | Oxygen (as. Phosphorus. | Sulphur. 

‘Cadmium. | Oxygen. | Ozone). , Arsenic. 

_ Zine. | Chlorine. | | 

| Bromine. 

| Todine. 
Fluorine. 

| Nitrogen. 

‘Sulphur. 

Selenium. 


It will be perccived from the above Table that an element 
may have two distinct molecular weights. This is known to 
be the case with oxygen and sulphur. 

The molecular weight of a compound is, with very few excep- 
tions, identical with its atomic weight. The molecular volume 
or the space occupied by the combining proportion of a com- 
pound is, with very few exceptions, equal to that occupied 
by two combining proportions, or one molecule, of hydrogen. 
Hence the law—equal volumes of all gases and vapours contain, at 
the same temperature and pressure, an equal number of molecules. 

With very few exceptions, therefore, the molecules of all! 
compounds in the gaseous or vaporous condition, no matter: 
how great may be the aggregate volume of their constituents, : 
occupy, when compared at the same temperature and pressure, 
one uniform volume, which is exactly the same as that filled 
by one molecule of hydrogen. Thus 


vol. _ wo, vols. 
1 of Hydrogen +1 of Chlorine .............ccereseeeeeee form 2 of Hydrochloric acid. 
1 of Hydrogen +1 of Bromine vapour..................... » 2of Hydrobromic acid. 
2 of Hydrogen +1 of Sulphur vapour ...................55 » 2 of Sulphuretted Hydrogen, 
2 of Hydrogen +1 of Oxygem................:c:ccceeeeteseee » 2of Steam. 
Sof Hydrogen +1 of Nitrogen ............: cece seseeeeee vw 20f Ammonia. 
4 of Hydrogen +2 of Carbon vapour ..................... » 20f Marsh-gas. 


6 of Hydrogen +1! of Oxygen +22 of Carbon vapour ,, 2 of Alcohol vapour. 
13 of Hydrogen +1 of Oxygen +652 of Carbon vapour . 2 of Amylic alcohol rapour. 


B2 


4 POSITIVE AND NEGATIVE ELEMENTS. 


Carmicay Arrixitr.—The force or power which holds toge- 
ther the elements of 8 compound is termed chemical affinity. 

Elements which readily combine with each other, and develop 
much heat on combination, are said to have a powerful affinity 
for each other. The elements which thus exhibit towards each 
other a great aflinity are possessed of widely different proper- 
ties ; and when their compounds are decomposed by an electric 
current, the constituents are evolved at the opposite poles. 
Those elements which, under such circumstances, make their 
appearance at the positive pole are termed electro-negative or 
negative clements, whilst those disengaged at the negative pole 
are called electro-positive or positive elements. It must be re- 
membered, however, that the difference between these two 
classes is one of degree only ; they insensibly merge into each 
other, since the members of both classes exhibit a graduated 
intensity of the positive or negative quality. Thus potassium 
is more positive than sodium, and oxygen more negative than 
sulphur, whilst mercury is negative to sodium but positive to 
chlorine. 

The following cight elements are negative towards the re- 
maining fifty-four elements, which are more or less positive :— 


Fluorine. Oxygen. 
Chlorine. Sulphur. 
Bromine. Selenium. 
Iodine. Tellurium. 


Although two positive or two negative elements can combine 
together chemically, yet their union is rarely attended with 
such striking phenomena as are manifested when the combi- 
nation takes place between a positive and a negative element. 
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CHAPTER II. 
CHEMICAL NOMENCLATURE. 


Tue study of every science necessitates an acquaintance with 
the system of names and peculiar modes of expression which 
have been found most convenient to denote the materials and 
to describe the phenomena which form its objects. Such names 
and modes of expression form the groundwork of the language 
of every science, upon the right employment of which depend 
the precision and accuracy of scientific definition. 

The nomenclature of a scicnce ought to be distinguished for 
its clearness and simplicity ; but it is by no means ensy to 
secure these conditions in a science like chemistry, where the 
rapid progress of discovery necessitates the continual addition 
of new and the frequent alteration of old names. The chemical 
name of a substance should not only identify and individualize 
that substance, but it should also express the composition 
and constitution of the body, if a compound, to which it is 
applied. The first of these conditions is readily attained ; 
but the second is much more difficult to secure, inasmuch as 
our ideas of the constitution of chemical compounds—of the 
mode in which they are built up as it were—require frequent 
modification. On this account all attempts to frame a perfectly 
consistent system of chemical nomenclature have hitherto been 
only partially successful. 

It has been already mentioned that the number of elements 
at present known is sixty-two. These have received the names 
given in the following Table, in which the twenty-two most 
important elements are distinguished by the largest type, 
those next in importance by medium type, whilst the names of 
elements which are either of rare occurrence, or of which our 
knowledge is yet very imperfect, are printed in the smallest 


type. 
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[ . iy Sym- Atomic 
| Name er | ame | Rat’ seh 
' ALUMINIUM Al 9 275. Molybdenum.. 'Mo| 92 
ANTIMONY ..... Sb. A "NICKEL ........- | Ni 58°8 
ARBENIC....... As ! _ Niobium......... ‘Nb; 97-6 
Barium ........ Ba 137 ‘ NITROGEN ..'N | 14 
| Bismuru hie te Bi 389208 | Osmium......... Os | 199 | 
Boron... B 11 , OXYGEN iO | 16 | 
| BROMINE ..... Br 80° Pantapium .... Pd | ee 
' Cadmium ...... Cd 112 | PHOSPHORUS 'P : 
| Carsium pehiesece Cs 133 . Puatinem . .... i | 49 197° 4 | 
| CALCIUM ...... ‘Ca: 40 ) POTASSIUM .. | 39 
‘CARBON ...:C | 12 | Ruopiv ...... Rh | 104 | 
Cerium ......... Ce 92 ' Rubidium ......: Rb | 85°5| 
CHLORINE... ('l 35°5 Ruthenium...... Ru , 104 | 
CHROMIUM...... Cr 525: Selenium ...... Se | 79 
CoWwALT ........ Co os'& SILICON... .. Si: 28:5) 
COPPER ......... Cu --«G3'S., SILVER ..... Ag i 108 
Didvmium |... Dp 96 - SODIUM ate Brae Na: 23 
FLUORINE . F 19 | Srrontium .. Se 87°5 | 
Gluecinum ..... 'G df | SULPHUR..... 5 32 | 
GoLp o.oo... ‘Au. 196-7 Tantalum ...... Ta 137°5! 
HYDROGEN... If | 1 =: Tellurium ..... Te 1 128 
Indium .........) In i 113-4) Thallium. ........ TL °— 204 
‘IODINE .........' 1 1127 ‘| Thorium —....... Th « 231°5 
|TRIpIUM ..... ie ane Gs || a | be Sn , 118 
| IRON ............ ‘Fe | 560 | Trranium ... .. ‘Ti 60 | 
Lanthanum iL | 2 | TUNGSTEN ...... W ist | 
Disses Pb | 207 | Uranium ...... U $120 =| 
| Lithium..... hii | 7 ; Vanadium ...... Vv §1°2 | 
Maanesivm .. Mg, 24 |. Yttrium......... me 68 
apnea Mn: 55 ; ZINC ...........: Zn. 65 
| MERCURY .... Hg! ' 200 | Zirconium ..... i 90 Z| 


“These ‘elementary bees have been ‘long divided into 
two great classca—metals and non-metals, the latter being also 


sometimes terined metalloides. 


The metals are by far the more 


numerous, the non-metals comprising only the following 
thirteen clements—Boron, Bromine, Carbon, Chlorine, Fluo- 
rine, Hydrogen, Iodine, Nitrogen, Oxygen, Phosphorus, Sele-. 


nium, Silicon, Sulphur. 
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The names of the elements can scarcely be said to have been 
given according to any rule; many of them are derived from 
some prominent property of the bodies themselves, whilst 
others have a mythological origin. An attempt has been made 
tu distinguish the metals by the termination wm, as potas- 
sium, sodium, &c.; but the common metals, such as gold, 
copper, and iron, stil] retain their original names; and one 
substance, selenium, which at the time of its discovery was 
regarded as a metal, has had no change made in its name, 
although further research has divested it of all metallic attri- 
butes. An important yroup of clectro-negative non-metals— 
fluorine, chlorine, bromine, and iodine--have received the ter- 
mination ine; three are distinguished by the terminal syllable 
on, viz. carbon, silicon, and boron ; and three others have gen for 
their final syllable, viz. oxygen, hydrogen, and nitrogen, these 
last names being derived from Greek words denoting the pro- 
perty possessed by these elements of generating respectively 
acid, water, and nitre. 

When two elementary bodics unite together, they form a 
chemical compound of the first order, to which the name 
binary compound has been applicd. The names of these com- 
pounds are formed from those of their constituents, the name 
of the positive constituent or some abbreviation thereof, with 
the terminal ic, preceding that of the negative constituent, 
which is made to terminate in tde, thus :-— 


Potassium and Sulphur form Potassic sulphide. 


Sodium » Oxygen ,, Sodic oxide. 
Silver » Chlorine ,, Argentic chloride. 
Zine » Jodine  ,, Zincic iodide. 


Calcium ,, Chlorine ,, Calciec chloride. 


But the same elements frequently fourm with each other two 
compounds, in which case the one which contains the smaller 
proportion of the negative element is distinguished by changing 
the terminal syllable of the name of its positive constituent 
into ous, the terminal ic being retained for the compound con- 
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taining the larger proportion of the negative element. Thus, 

One atom of tin and two atoms of chlorine form Stannous chloride. 

One atom of tin and four atoms of chlorine form Stannic chloride. 

Sometimes, however, the same clements form with each 
other more than two compounds. In these cases the prefixes 
hypo aud per are employed as marks of distinction ; but their 
use is very rarely required. 

If a binary compound contains oxygen, and forms an acid 
when made to unite with water, or asalt when added to a base, 
it is termed an anhydride or anhydrous acid. Thus, 

One atom of carbon and two atoms of oxygen form carbonic anhydride. 
Two atoms of nitrogen and five atoms of oxygen form nitric anhydride. 
Two atome of nitrogen and three atome of oxygen form nitrous anhydride. 
One atomn of sulphur and three atoms of oxygen form sulphuric anhydride. 
One atom of sulphur and two atome of oxygen form sulphurous anhydride. 

In the following cases, the systematic names have not dis- 
placed the trivial and irregular names used for the same sub- 
stances :— 


Systematic Name. Trivial or irregular name. 
Hydric oxide ............ Water. 
Hydric sulphide ......... Sulphuretted hydrogen. 
Hydric selenide ... ..... Seleniuretted hydrogen. 
Hydric telluride ...... ... Telluretted hydrogen. 
Hydric chloride ......... Hydrochloric acid. 
Hydric bromide ......... Hydrobromic acid. 
Hydric iodide ............ Hydriodic acid. 
Hydric fluoride .......... Hydrofluorie acid. 
Hydric carbide ..... .. Marsh-gas or light carburetted 

hydrogen. 

Hydric nitride............ Ammonia. 
Hydric phosphide ...... Phosphuretted hydrogen. 
Hydric arsenide ......... Arsenuretted hy drogen 


Hydric antimonide...... Antimonuretted hydrogen. 


The term acid was originally applied only to substances pos- 
sessing a sour taste like vinegar; but analogy has necessitated 
the application of the same name to a large number of com- 
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pounds which have not this property. In the modern accepta- 
tion of the name, an acid may be defined as a compound con- 
taining one or more atoms of hydrogen, which become displaced 
by a metal when the Jatter is presented to the compound in the 
form of ahydrate. The hydrogen capable of being so displaced 
may be conveniently termed displaceable hydrogen. An acid 
containing one such atom of hydrogen is said to be monobasie, 
two such atoms dibasic, &. Acids of a greater basicity than 
unity are frequently termed polybasic acids. 
Thus nitric acid gives, with sodic hydrate, sodic nitrate : 
NO,H + ONaH = NO,Na + OH, 


Nitric acid. Sodic hydrate. Sodic nitrate. Water. 
Sulphuric acid gives, with potassic hydrate, potassic sulphate : 

SOH, + 20KH = SOK, + 20H, 

Sulphuric acid. Potassic hydrate. Potassic sulphate. Water. 


And hydrochloric acid gives, with potassic hydrate, potassic 


chloride : 
HC] + OKH = KCI + = OH, 


Hydrochloric Potassic Potaasic Water. 
acid. hydrate, chloride. 


When an acid contains oxygen, its name is generally formed 
by adding the terminal ic either to the name of the clement 
with which the oxygen is united, or to an abbreviation of that 
name ; thus sulphur forms, with oxygen, sulphuric acid; nitro- 
gen, nitric acid; and phosphorus, phosphorie acid. But it 
frequently happens that the same clement forms two acids 
with oxygen; and when this occurs, the acid containing the 
larger amount of oxygen receives the terminal syllable se, 
whilst that containing less oxygen is made to end in ows. 
Thus we have sulphurous acid, nitrous acid, and phosphorous 
acid, each containing a smaller proportion of oxygen than that 
necessary to form respectively sulphuric, nitric, and phosphoric 
acids. 

In some instances, however, the same element forms more than 
two acids with oxygen, in which case one of the two Greek words 
hypo, under, and hyper, over, is prefixed to the name of the 
acid. Thus an acid of sulphur containing less oxygen than 
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sulphurous aeid is termed hyposulphurous acid; and another 
acid of the same element containing, in proportion to sulphur, 
more oxygen than sulphurous acid and less than sulphuric, 
might be named cither hypersulphurous acid, or hyposulphuric 
acid; but the latter term has been universally adopted. The 
prefix per is frequently substituted for hyper; thus in the case 
of chlorine, which forms the following four acids with oxygen, 
viz. hypochlorous acid, chlorous acid, chloric acid, and hyper- 
chloric acid, the latter is gencrally named perchloric acid ; but 
per can ouly be used ax a prefix to the acid containing the 
largest proportion of oxygen. 

Some acids do not contain oxygen amongst their constituents, 
but consist of sulphur or hydrogen united with other elements. 
This peculiarity of composition .is expressed in their nomen- 
clature by the prefixes sulpho or sulph, and hydro or hydr: thus 
sulpharsenic acid and sulphostannic acid denote acids composed 
respectively of sulphur, hydrogen, and arsenic ; and sulphur, hy- 
drogen, and tin; whilst the names hydrochloric acid and hydri- 
odic acid are given to acids composed, the first of hydrogen 
and chlorine, and the second of hydrogen and iodine. The 
terminals ous and ic are also applicd to these acids in exactly 
the same manner as to the oxygen acids: thus we have sulph- 
arsenious and sulpharsenic acid, the latter containing a 
larger proportion of sulphur than the former; but the appli- 
cation of the first of these terminals hag not hitherto been 
found necessary in the case of hydrogen acids, since no ele- 
ment has yet been observed to form more than one acid with 
hydrogen. 

The term anhydride or anhydrous acid is applied to the residue 
obtained by the abstraction (in combination with oxygen as 
water) of all the displaceable hydrogen from one or two mole- 
cules of an oxygen acid. Thus, 

SO,H, -— OH, = SO,; 
Sulphuric acid. Water. Sulphuric anhydride. 

2NO,H — OH, = N,O,. 

Nitric acid. Water. Nitric anhydride. 
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The term base is applied to three classes of compounds, all of 
which are converted into salts by the action of acids. These are— 

Ist. Certain compounds of metals with oxygen, such as sodic 
oxide (Na,O), zincic oxide (ZnQ), &e. 

2nd. Certain compounds of metals with the compound radical 
hydroxyl (HO), such as sodic hydrate (Na(IIO)), zineie hy- 
drate (Zn(HO),), &. 

3rd. Certain compounds of nitrogen, phosphorus, arsenic, 
and antimony, such as ammonia (NIH,). 

There are also a few organie compounds to which the name 
base ix sometimes given, but which are not included in the 
above classes; it is, however, unnecessary further to allude to 
them here. | 

The bases of the first class are named in accordance with 
the rules already given for compounds of two elements. The 
following bases, however, still retain their irregular names :— 


Systematic names, Irregular names. 
Bariec oxide ............... Baryta. 
Strontic oxide ............ Strontia. 
Caleie oxide .. ........ ... Lime. 
Magnesic oxide . ......... Magnesia. 
Aluminie oxide... 22.2... Alumina. 
Glucinic oxide ............ Glucina. 
Zirconie oxide ............ Zirconia. 


The names of the bases belonging to the second class are 
formed by changing the terminal syllable of the name of the 
metal into ic or ous, and the word hydroxyl] into Aydrate. Thus 
cesium and hydroxy! form cwesic hydrate (Cs(HO)); barium 
and hydroxyl, baric hydrate ( Ba(110),); and iron and hy- 
droxy], ferric hydrate (Fe(HO),). 

A few of these bases have trivia) or irregular names, which 
are almost invariably used instead of the systematic names :— 


Systematic names. Irregular names. 
Potassic hydrate ......... Potash. 
Sodic hydrate ............ Soda. 


Lithic hydrate ............ Lithia. 
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The bases of the third class are distinguished by the terminal 
syllable ine, except nitrine, (NH,), which retains its trivial 
name ammonia. These bases belong almost exclusively to the 
department of organic chemistry, and their nomenclature could 
not be advantageously discussed here. 

It has been already mentioned that by the mutual action of 
an acid and a base upon cach other, a salt is produced. If the 
salt be free from oxygen and sulphur, like common salt, (NaCl), 
it is termed a haloid salt ; \f it contain oxygen, it is termed an 
oryealt; and if this oxygen be replaced by sulphur, it is distin- 
guished as a sulphosaldt. 

The haloid salts are named according to the rules for binary 
compounds above given, thus: 


Name. Formula. 
Sodie chloride ............... NaCl. 
Caleic iodide ....... d satel mine Cal,. 
Ferrous bromide ............ FeBr,. 
Ferric bromide............... Fe, Br,. 


Oxysalts are divided into normal, acid, and basic. 

A normal salt is one in which the displaceable hydrogen of the 
acid (see page 9) is all exchanged for an equivalent amount of 
a metal or of a positive compound radical. 

The following examples wil] serve to illustrate this definition 
of a normal, or, as it is sometimes incorrectly called, a neutral 
salt, the displaceable atoms of hydrogen in the acid, and the 
metal by which they have been displaced in the salt, being 
printed in italics :— 


Acid. Normal salt. 
Shite . } Sodic nitrate ............ NO, Na. 
N BP pstntiuens NO,H ...... : 
nee . Ginga (NO,),Ca”. 
Sulphurie acid ............ 80,H, ...... era ees 
seicinet Ca" 
Phosphoric acid ......... PO,A, «2... {t otassic phosphate. eu 
Calcie phosphate......... (PO,),Ca”,. 


Hypophosphorous acid.. PO,H,H ... Sodic hypophesphite ... POH, Na. 
Phosphorous acid ...... PO,HA, ... Potassic phosphite ...... PO,HX,,. 
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Acid. Normal salt. 
Metaphosphoric acid ... PO,Z ...... Lithic metaphosphate... PO, Zs. 
Pyrophosphoric acid ... P,O,A,...... Calcic pyrophosphate... P,O,Ca",. 


8,0, A g.iss Sodic bisulphate ......... 8,0,Na,. 
Unknown acid............ Cr,0,H, .... Potassic bichromate ... Cr,O,X,. 


An acid salt is one in which the displaceable hydrogen of the 
acid is only partially exchanged for a metal or pusttive compound 
radical. 

The following examples illustrate the constitution and nomen- 
clature of these salts :— 

Acid. Acid salt. 
Sulphuric acid ... SO,H, Hydric sodic sulphate ...... SO,HNa + . 
Carbonic acid ... CO,H,? Hydric potassic carbonate... CO,HK. 
Hydric disodic phosphate... PO,HNa,. 
Phosphoric acid... PO,H, Dihydric eodic phosphate... PO,H,Na. 
Microovsmic salt ............ PO, A(NH,)Na. 
(Hydric ammonio sodic 

Acid salts are produced almost exclusively from polybasic 
acids. 

When the number of bonds * of the metal or compound positive 
radical contained in asalt exceeds the number of atoms of dtsplace- 
able hydrogen in the acid, the compound is usually termed a basic 
sali—as, for instance, 


Acid. ; Basic salt. 
Cepheid «ccc CO,H, { Malachite iebisadanatwnarserecites CO,H,Ce",., 
Blue cupric carbonate ......... C,0,H,Ce",. 
Sulphuric acid......... S0,H, Tribasic cupric sulphate ...... 80,H,Cu",. 
Turpeth mineral ............... 80,9". 


These and most, if not all, other basic salts do not differ 
essentially in their constitution from the normal and acid salts. 
This will be seen from the arrangement of their atoms given 
under the different metals entering into their composition. 

The nomenclature of organic bodies is founded upon the 
same principles as that of inorganic compounds ; but its discus- 
sion could not be conveniently introduced here. 


* For an explanation of this term see Chap. ITI. p. 18. 


14 CHEMICAL NOTATION. 


CHAPTER III. 
CHEMICAL NOTATION. 


Symnotrc Notation.—Every clement is represented by a 
symbol, which is frequently the initial letter of the name 
of the element; but as in some cases the names of two or 
more cloments begin with the same Ictter, it is necessary to 
distinguish them by the use of a second letter in small type, 
which is either the second letter of the word, or some other 
letter prominently heard in its pronunciation ; thus carbon, 
cadmium, cobalt, and cerium all begin with the same letter ; 
but they are distinguished by the symbols C, Cd, Co, and Ce. 
In the use of the single Ictters, the non-metallic elements have 
the preference ; thus oxygen, hydrogen, nitrogen, sulphur, phos- 
phorus, boron, carbon, iodine, and fluorine are expressed by the 
single letters O, H, N, S, P, B, C, 1, and F; whilst the metals 
osmium, mercury, nickel, strontium, platinum, bismuth, cobalt, 
iridium, and iron are symbolized by two letters each ; thus Os, 
Hg (hydrargyrum), Ni, Sr, Pt, Bi. Co, Ir, and Fe (ferrum). In 
the selection of the single letter for other cases, preference is 
given to the most important clement ; thus sulphur, selenium, 
and silicon are all non-metallic clements, beginning with the 
same letter; but sulphur being the most important, the single 
letter S is assigned to it, whilst selenium and silicon are de- 
noted respectively by Se and Si. 

The symbols of compounds are formed by the simple juxta- 
position of the symbols of their constituent elements. Such a 
group of two or more symbols is termed a chemical formula. 
Thus: 

Argentic chloride....................cce0e0: -AgCl. 
Zine OXIdG sass neice eee Zn0. 


The symbols not only represent the elements for which they 
are used, but they also denote a certain definite proportion by 
weight of each element ; the formula HC], for instance, does 
not merely denote a compound of hydrogen and chlorine, but 
it signifies a molecule of that compound containing one atom 
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(1 part by weight) of hydrogen, and one atom (35°5 parts by 
weight) of chlorine. When, therefore, the molecule of a com- 
pound contains more than one atom or combining proportion 
of any element, it is necessary to express such fact in the for- 
mula: this is done by the use of a coefficient placed after the 
symbol of the element : 


Zincic chloride ............ ieigtemesahepuesity ZnCl, 
Ferric chloride ...............0.00.0cc eee FeCl, 
Stannous chloride .................. eee eens SnC,,. 
Stannic chloride ........................ 00008 SnCl,. 


When it is necessary to denote two or more molecules of 
any compound, a large figure is placed before the formula of 
the compound; such a figure then affects every symbol in that 
formula: thus 3SO,H, means three molecules of the compound 
80,H,. 

The changes which occur during chemical action are expressed 
by equations, in which the symbols of the elements or compounds, 
as they exist before the change, are placed on the left, and 
those which result from the reaction on the right. Thus, taking 
an example from each of the five kinds of chemical action 
before mentioned, we have 


(1) Zn + @, = ZnCl. 
Zine. Chlorine. Zincie chloride. 
(2) QHCl + Zn = Zncl, + H,. 
Hydrochloric acid. — Zine. Zincic chloride. Hydrogen. 
(3) 80,Cu + (NO,),Ba = SO,Ba + (NO,),Cu. 
Cupric sulphate. Baric nitrate. Baric sulphate. Cupric nitrate. 


(4) (CN)O(NH,) = ae ee 
Ammonic cyanate. 
(5) 20H, = O, + "oH. 
Water. Oxygen. Hydrogen. 

The sign +, as seen from the foregoing examples, is placed 
between the formule of the molecules of the different substances 
which are brought into contact before the reaction, and of 
those which result from the change. This sign must never be 
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used to connect together the constituents of one and the same 
chemical compound. 

The sign — is only very rarely used in chemical notation, 
but when employed it has the ordinary signification of abs- 
traction ; thus, 

80,H, — H,O = SO,. 
Sulphuric acid. Water. Sulphuric anhydride. 

Use of the bracket-——The brackct has been employed in 
various senses in chemical formule; but in the following pages 
it is used in notation for one purpose only, viz. for expressing 
chemical combination between two or more elements which 
are placed perpendicularly with regard to each other and next 
to the bracket in a formula. Thus in the following cases, 


I. II. IT. 
(CH, CH, NO,O 
. O Ba 
CH, NO,O 


the formula No. I. signifies that two atoms of carbon are 
directly united with each other, No. 11. that two atoms of car- 
bon are linked together, as it were, by an atom of oxygen, the 
latter being united to both carbon atoms ; whilst in like manner 
No. I11. indicates that. one atom of oxygen in the formula 
of.the upper line is linked to another atom of oxygen in the 
formula of the lower line, by an atom of barium. 

Use of thick lettere—As a rule, the formuls in this book are 
so written as to denote that the element represented by the 
first symbol of a formula is directly united with all the active 
bonds of the other elements or compound radicals following 
upon the same line: thua the formula SO,Ho, (sulphuric acid) 
signifies that the hexad atom of sulphur is combined with the 
four bonds of the two atoms of oxygen, and also with the two 
bonds of the two semi-molecules of hydroxy]. Such a formula 
is termed a constitutional formula *. 

Occasionally, however, owing to the atomic arrangement of 


* For further information on this subject see Atomuicrry or Examxrrs and 
Compoump Rapicazs, pages 17 and 26. 
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& compound not being known, its formula cannot be written 
according to this rule; and in order to prevent such molecular 
or empirical formule * from being mistaken for constitutional 
formule, the first symbol of a constitutional formula will 
always be printed in thick type. It deserves also to be men- 
tioned that, as a rule, the element having the greatest number 
of bonds will occupy this prominent position. Thus, 


Sulphuric acid..................... SO, Ho,,. 

WW LOR seg adsedceei nine aaseenis OH... 

IN IMICBCIG: faci. coilst araiel ies NO,Ho 
Microcosmic salt.................. POHoAmoNao. 


AromiciTy oF ELEMENTs.—It.has been already stated that 
the atomic weight of an element is the smallest proportion 
by weight in which that element enters into or is expelled 
from a chemical compound. The atoms of the various ele- 
ments, the relative weights of which aro thus expressed, 
exhibit very different values in chemical reactions. Thus an 
atom of zinc is equivalent to two atoms of hydrogen; for, when 
zinc 18 brought into contact with stcam at a high temperature, 
one atom of zinc expels from the stcam two atoms of hydrogen 
and occupies their place—thus, 

OH, + Zn = O4Zn + Hz. 
Water. Zincic oxide. 
Again, when zincic oxide is brought into contact with hydro- 


* A molecular formula, sometimes called rafiunal, is one in which the 
atomic composition of a molecule is expressed, but without reference to the 
manner in which the elements are combined amongst themselves. An em- 
pirical formula merely expresses, by the smallest integers, the proportional 
number of atoms of each element entering into the composition of a compound. 
Thus the three formula of ferric hydrate are written :— 


Empirical formula ...............00. FeH,0,° 
Molecular i. lawaieedwgsensupiucs Fe,H,O,. 
Constitutional ,, —...... deseueues woe Fo Hog. 


Thus both constitutional and rational formule are essentially molecular 
formule, whilst empirical formule afford no indication of the number of 
atoms eutering into the composition of # molecule; they are, in fact, only 
used to represent bodies the molecular weights of which are unknown. 

VOL. I. Cc 
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chloric acid, the place of the zinc becomes once more occupied 
by hydrogen, but two atoms of hydrogen are found to be neces- 
sary to take the place of one atom of zinc: 
OZn + 2HClL = QZncl, + £O8,. 
Zincic oxide. Hydrochloric acid. Zincic chloride. Water. 

In Jike manner one atom of boron can be substituted for 
three atoms of hydrogen, one atom of carbon for four, one of 
nitrogen for five, and one atom of sulphur for no less than six 
atoms of hydrogen. 

This combining value of the elementary atoms is termed 
their atomicity, equivalence, or atom-firing power; and an ele- 
ment with an atom-fixing power equal to that of one atom of 
hydrogen is termed a monad, with twice that power a dyad, 
with thrice a ¢riad, with quadruple a tetrad, with quintuple a 
pentad, and, with an atom-fixing power equal to six times that 
of hydrogen, a hexad. 

To avoid any speculation as to the nature of the tie which 
enables an element thus to attach to itself one or more atoms 
of other elements, I have named each unit of atom-fixing 
power a bond,—a term which involves no hypothesis as to the 
nature of the connexion. A monad element has obviously 
only one such bond ; a dyad, like zinc, two; a triad, like boron, 
three, and so on. The number of bonds possessed by an ele- 
mentary atom may be graphically represented by lines in the 
following manner :— 


Hydrogen .............::eeceeeee H- 
BAD: cele ical aie kecuiesiaees —Zn— 
\ 
BOrOD.o.ccccccccececssscecseceesees B 
Carbon .6.56ccciicicndn -C- 
N17 
Nitrogen......... 0.0... cece eseeeeee 
w7™ 
N 7 
Sulphur ..........cssscessserse oo. ~S- 
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In symbolic notation, the same idea is conveyed by the use 
of dashes and Roman numerals placed above and to the right 
of the symbol of the element ; thus, 


Hydrogen......... H’, Carbon............ cy, 
Bine .......0500c00- Zn", Nitrogen ......... N’, 
Boron ............ B", Sulpbur ......... S", 


Elements with an odd number of bonds are termed perissade, 
whilst those with an even number are named artiade. 

No element, either alone or in combination, can exist with 
any of its bonds disconnected ; hence the molecules of all ele- 
ments with an odd number of bonds are generally diatomtc, and 
always polyatomic; that is, they contain two or more atoms of 
the element united tegether. Thus, 


Symbolic. Graphic. 
: Hydrogen: cecicisc Hy siaciieganivanizons H—H 
Chlorine ............ Cl sarc tecnees Cl—Cl 
Nitrogen ............ NY eee: N=N 
z= 
Phosphorus......... P* cearatndios tee li) fil 


An elemezt with an even number of bonds can exist as a 


monatomic molecule, its own bonds satisfying each other. 
Thus, 


Symbolic. Graphic, 
" rug 
Mercury ............ 1S) eee eee cae) 
Cadmium ............ Ob? ea ccane se Cc 
7 “ ran 
ZANE: Sis sockeceanieeans Y 5 ee ene 4 ‘ 


It is nevertheless obvious that such an element may also 
exist as a polyatomic molecule. Oxygen furnishes us with an 
example of this; for in its ordinary condition it is a diatomic 
molecule, and in the allotropic form of ozone, a triatomic 
molecule : ; 

Cc 


20 CHEMICAL NOTATION. 


Symbolic. Graphic. 
OXV GON. iscccreegss. FOF S. ncindeats seenes O=O 
O 0" a 
ZONE .......2.00000: mir Mpcdte terateoduee \ 
O 


In order to avoid the unnecessary use of atomicity-marks in 
symbolic notation, I shall never attach them to a monad, or to 
oxygen, which, it must be remembered, is always a dyad. Neither 
will the atomicity-coefficient be attached to the tetrad element 
carbon, in the formule of organic bodies, unless this element 
plays the part of a dyad—an occurrence of extreme rarity. 
When not otherwise marked, therefore, carbon must always be 
understood to be a tetrad. 

1t will also, as a rule, be unnecessary to mark the atomicity 
of the elements which are expressed by symbols in thick type, 
because their atomicity is clearly indicated by the sum of the 
atomicities of the elements or compound radicals placed to their 
right, or connected with them perpendicularly by a bracket. 
Thus in the formula 

{ CCl, 
Cc,’ 
each atom of carbon is united with three atoms of the monad 
chlorine, whilst the bracket indicates that the two atoms of 
carbon are also united by one bond of each, thus denoting © 
to be a tetrad element. 

From what has just been said with regard to carbon, it is 
evident that the atomicity of an element is, apparently at least, 
not a fixed and invariable quantity: thus nitrogen is sometimes 
equivalent to five atoms of hydrogen, as in ammonic chloride, 
(N‘H Cl), sometimes to three atoms, as in ammonia (N'’H,), 
and sometimes to only one atom, as in nitrous oxide (ON,). 
But it is found that this variation in atomicity always takes 
place by the disappearance or development of an even number 
of bonds: thus nitrogen is either a peutad, a triad, ora monad ; 
phosphorus and arsenic, either pentads or triads; carbon and 
tin, either tetrads or dyads; and sulphur, selenium, and tellu- 
rium, either hexads, tetrads, or dyads. 
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These remarkable facts can be explained by a very simple 
and obvious assumption, viz. that one or more pairs of bonds be- 
longing to the atom of an element can unite and, having saturated 
each other, become, as tt were, latent. Thus the pentad element 
nitrogen becomes a triad when one pair of its bonds becomes 
latent, and a monad when two pairs, by combination with each 
other, are, in like manner, rendered latent,—conditions which 
may b2 graphically represented thus :— 


Pentad. Triad. Monad. 
NIZ | 
N aNG a 
a U U 
And in the case of sulphur :— 
Hexad. Tetrad. Dyad, 
aed hee 7h CY 
—S- —s- -§- 
fos WV WU 


Adopting this hy pothesis, it will be convenient to distinguish 
the maximum number of bonds of an element as its absolute 
atomicity, the number of bonds united together as its latent 
atomicity, and the number of bonds actually engaged in linking 
it with the other elements of acompound as its active atomicity. 
The sum of the active and latent atomicity of any element must 
evidently always be equal to the absolute atomicity. Thus in 
sulphuric acid ($8"O,Ho,) the absolute and active atomicities 
are both =v1, therefore the latent atomicity =0. In sulphu- 
rous acid ("S"OHo,) the active atomicity =1v, and conse- 
quently the latent =vi—1v=11; whilst in sulphuretted hydro- 
gen ("8"H,) the active and latent atomicities are respectively 
11 and Iv. 

The apparent exceptions to this hypothesis nearly all dis- 
appear on investigation: thus iron, which is a dyad in ferrous 
compounds (as FeCl,), a tetrad in cubical pyrites (FeS",), and 
a hexad in ferric acid (FeO,Ho,), is apparently a triad in ferric 
chloride (FeCi,); but the vapour-density of ferric chloride 
shows that its formula must be doubled—tbat, in fact, the two 
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atoms of the hypothetical molecule of iron (Fe,) have not been 
completely separated. The formul# of the ferrous and ferric 
chlorides and of ferric acid then become 


Symbolic. Graphic. 
Ferrous chloride... "Fe'C,. cl—fe—l 
or it ZOO, ofa 
\ "FeCl, Cl—-Fe—Cl 
U 
ci Cl 
Ferrie chloride ... "Fe”,C,. 1_Kente_c1 
ad 
o Cl 
or | "Pec C122 
Cl Cl 
O 
Ferric acid ......... Fe"O Ho, BOT O—H 
O 


xt will be remarked that the number of bonds supposed to 
be combined with each other in the atom of iron in ferrous 
chloride is expressed in one of the above formulw by the ato- 
micity numeral rv placed to the left of the symbol, whilst the 
analogous union of three bonds of each atom of iron in ferric 
chloride is expressed by the three dashes” to the left of the 
symbol Fe,. I shall not, however, use these coefficients of 
latent atomicity in the case of the single atom of an element, 
the studeut being supposed to have made himeelf acquainted 
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with the absolute atomicity of every element as expressed in 
the Table at page 32. For a similar reason, it will also rarely 
be necessary to express the same idea in graphic notation : hue: 
for instance, ammonia will be drawn 


H H 
and not 


| | 
H—N—H H—N—H 
VW 


It will be necessary, however, to employ these coefficients in 
symbolic formule where two or more atoms of the same cle- 
ment are joined together under such circumstances that the 
number of bonds uniting them cannot be found by subtracting 
the coefficient of active atomicity from the absolute atomicity 
of the element ; as in hydric persulphide (‘S',H,), for instance, 
which might otherwise be viewed as ''S',H.,, or ‘S',H,. 

In rare cases, in which oxyyen links together two elements 
or radicals in the same line of a formula, a hyphen is placed 
before and after the sy mbol O, thus :— 


Cll,-0-CMcO 
CH,-O-CMc0" 


Diacetic glycol. 


Grapnuic Noratrion.—This mode of notation, although far 
too cumbrous for general use, is invaluable for clearly showing 
the arrangement of the individual atoms of a chemical com- 
pound. It is true that it expresses nothiug more than the 
symbolic notation of the same compound, if the latter be written. 
and understood as above described; nevertheless the graphic 
form affords most important assistance, both in fixing upon the 
mind the true meaning of symbolic formuls, and also in making 
comparatively easy of comprehension the probable internal ar- 
rangement of the very complex molecules frequently met with 
both in mineral and organic compounds. It is also of especial 
value in rendering strikingly evident the causes of isomerism 
in organic bodies; and it is now almost universally employed 
by chemists in describing the results of their new discoveries. 
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Graphic notation, like the above method of symbolic notation, 
is founded essentially upon the doctrine of atomicity, and 
consists in representing, graphically, the mode in which every 
bond in a chemical compound is disposed of. Inasmuch, how- 
ever, as the principles involved are precisely the same as those 
already described under the heads of syMBOLIC NOTATION and 
ATOMICITY OF ELEMENTS, it is unnecessary here to do more 


than give the following comparative examples of symbolic and 
graphic formule :— 


Symbolic. Graphic. 
Wier eisai eeeeors OH.. H—O0—H 
O 
Nitric acid ........... ce. NO,Ho X—O—H 
b 
H 
Ammonic chloride ......... NH,Cl. HNC 
if H 
O 
Sulphuric anhydride ...... SO,,. , = 
t 
O 
Sulphuric acid ............... 80, Ho,. ae oe 
Carbonic anhydride......... Co,. O—C=0 


Potassic carbonate ......... COKo, K—O—C—0O—K 
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Symbolic. Graphic. 
H 
| 
Marsh-gas............ CH... se a 
H 
H H HH 


f f 
Ammonic carbonate, COAmo,,. H—N —O0—C—O—N—H 
ho oO on 
0 O 
X—o-— Zn—O—N 
b 6 

It must be carefully borne in mind that these graphic for- 
mule are intended to represent neither the shape of the mole- 
cules, nor the supposed relative position of the constituont 
hypothetical atoms. The lines conneeting the different atoms 
of a compound, and which might with equal propriety be drawn 
in any other direction, provided they connected together the 
same elements, serve only to show the definite disposal of the 
bonds, the latter again being only a concrete symbolic expres- 
sion of an abstract train of reasoning: thus the formula for 
nitric acid indicates that two of the three con- 
stituent atoms of oxygen are combined with © 
nitrogen alone, and are consequently united ee 
to that element by both their bonds, whilst | 
the third oxygen atom is combined both with é 
nitrogen and hydrogen. , 

The lines connecting the different atoms of a compound are 
but crude symbols of the bond of union between them ; and it 
is scarcely necessary to remark that no such material connexions 
exist, the bonds which actually hold together the constituents 
of a compound being, as regards their nature, entirely unknown. 

It deserves also to be here mentioned that graphic, like sym- 
bolic formuls, are purely statical representations of chemical 


Zincic nitrate ...... Zn” 


NO,O | 
NO,O 
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compounds ; they take no cognizance of the amount of poten- 
tial energy associated with the different elements. Thus in the 
formule for marsh-gas and carbonic anhydride, 


H 
H 
Maruh-gas. Carbonic anhydride. 


there is nv indication that the molecule of the first compound 
contains a vast store of furce, whilst the last is comparatively 
a poworless molecule. 


a Re TT 


CHAPTER IV. 
COMPOUND RADICALS. 


Tue term compound radical may be applied to any group of 
two or more atoma, which takes the place and performs the 
functions of an element in a chemical compound. In practice, 
however, it is only applied to any such group when the latter 
is met with in numerous chemical compounds. 

An element is a simple radical, and enters into combination 
in the following manner (a, 8, c, and d being monad elements, 
a" a dyad, a’’ a triad, and a" a tetrad element) :-— 


a + b=ad, 

a" +2b=0"b,, 

a" +3baa'"5,, 
&c. &ec. 


A group of elements replacing a, a", ors'” in the above equa- 
tions is a compound radical, as in the following examples :— 
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(a"b) + b=(a"d)b, 
(ab) +2b=(a'"b)"b,, 
(abe) + b=(a'bc)b, 
(ab) +3b=(a'b)'"b,, 
(aivbc)” + 2b=(aibc)"b,, 
(a'*bed) + b=(aitbed)b. 


The group of elements (a”6) constitutes a compound monad 
radical equivalent to one atom of hydrogen or chlorine. The 
group (a’"b)" is a compound dyad radical, &c. It is there- 
fore evident that a polyad element is essential to every com- 
pound radical ; in fact @ compound radical consists of one or | 
more atoms of a polyad element in which one or more bonds are; 
unsatisfied ; and it is either a monad, dyad, triad, Jc. radical, 
according to the number of monad atoms required to satiafy its 
active atomicity. Such a radical, when a monad, triad, or pentad, 
cannot exist as a separate group ; like hydrogen or nitrogen, 
when isolated, it combines with itself, forming a duplex mole- 
cule. It is only by the union of two atoms or groups of atoms 
that the vacated bonds can in these cascs be satisfied. 

From the above definition of a compound radical, it is evi- 
dent that an almost infinite number of such bodics must exist ; 
for in the compounds of every polyad element it is only neces- 
sary to vacate successive bonds to create each time a new com- 
pound radical. Thus marsh-gas CH, minus one atom of hy- 
drogen gives the compound radical methy! CH,; minus two 
atoms of hydrogen, it forms methylene (CH,,)”; and by the 
abstraction of three hydrogen atoins it is transformed into the 
triad radical formyl (CH)’’; but, except in a few cases, it is 
not advantageous thus to incorporate, as it were, compound 
radicals, which, instead of simplifying notation and nomencla- 
ture, would, if thus multiplied, only embarrass them. No 
compound radical, therefore, ought to receive recognition as 
such, unless it can be shown to enter into the composition of a 
large number of compounds. 

The following are the names, symbols, and formule of the 
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chief inorganic compound radicals recognized in the notation 
of this book :— 


Molecular Semimolecular Semimolecular 

formule. formule. symbols. 
Hydroxyl .......: », (HO), HO | Ho. 
Hydrosulphyl.... (HS), HS Hes. 
Ammonium ...... (NH,), NH, Am. 
Ammonoryl ...... (NH,O), NH,O Amo. 
Amidogen ......... (NHL), NH, Ad. 


In addition to these, certain compounds which metals form 
with oxygen are also regarded as compound radicals—for 
instance, 


Semimolecular Bemimolecular 


Molecular or combining or combining 
formule. formule. aymbole. 
Potassoxyl......... (KO), KO Ko. 
O 
Zincoxyl ......... (4n0,) ri Zno". 


The essential character of these last compound radicals is 
that the whole of the oxygen they contain is united with the 
metal by one bond only of each oxygen atom, as seen in the 
following graphic formule :— 


Hydroxyl .........: eae spaneite —O—H 
Potassoxyl]  ..........0....000e0 —O—K 
GINCOXY |: es siieee di ccaeevaaet —O—Zn—O— 


The metal thus becomes linked to other elements by these 
dyad atoms of oxygen. The functions of such compound radi- 
cals will be sufficiently evident from the following examples of 
compounds into which they enter, and in which their position 
is marked by dotted lines. 


Nitric acid ......0c cee N--O—H 
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peat AO! sacigee 
Potassic sulphate ......... | K—0--8--O—K 

: ——— 
Baric nitrate ............... N--O—Bi—0--N 

5 2 

7 1 7X 
Zincic sulphate ............ Ss. pa 
i 0” 


. 


It is not necessary to dignify all these metallic compound 
radicals with names ; the chicf point of importance about them 
is their abbreviated notation, in which the small letter o is 
attached to the symbol of the metal, the atomicity of the radical 
being marked in the usual manner. Although the small letter 
o in these symbols of combining quantities has no more refer- 
ence to the composition of the radical than the d in the corre- 
sponding symbol of amidogen, vet it may usefully remind the 
reader that oxygen is always a constituent of the compound 
radicals so symbolized. It must be borne in mind that the 
number of atoms of oxygen in any radical of this class depends 
upon its atomicity: thus a monad contains only one atom of 
oxygen, a dyad two, and a triad always three atoms of oxygen. 
The use of any but monad and dyad metallic compound radicals 
is very rare. 


30 ATOMIC AND MOLECULAR COMBINATION, 


CHAPTER V. 


ATOMIC AND MOLECULAR COMBINATION. 


Iw all the cases of chemical combination considered in the above 
Chapters, a union of atoms has been invariably contemplated. 
This atomic union is generally attended by the breaking up of 
previously existing molecules—two such molecules, by the 
mutual exchange of their atomic constituents, producing two 
new and perfectiy distinct molecules. Thus when chlorine 
unites with hydrogen to form hydrochloric acid, a molecule of 
chlorine and one of hydrogen yield up their constituent atoms, 
forming two molecules of hydrochloric acid, 


Cl, +H,=2HCl. 


In comparatively rare cases, two molecules combine to form 
only one new molecule ; thus a molecule of carbonic oxide and 
one of chlorine combine to form one molecule of carbonic oxy- 
dichloride or phosgene gas: but the union is even here essen- 
tially atomic ; for after combination both the oxygen and chlo- 
rine are directly united with the atom of carbon: 

co + Cl = CwOCl,. 
Carbonic oxide. Chlorine. Phosgene gas. 

Chemists are, however, compelled to admit an entirely dif- 
ferent kind of union, which not unfrequently occurs, and which 
in conformity with the atomic hypothesis, may be appropriately 
termed molecular union or molecular combination. In the for- 
mation of such compounds, no change takes place in the active 
atomicity of any of the molecules. It is this kind of combi- 
nation which holds together salts and their water of crystalli- 
zation, as, for instance, 


Sodic chloride crystallized at —10° C....... NaCl, 20H, 
Sodic bromide crystallized below + 30° C...NaBr, 20H. 
Sodic iodide crystallized below +50°C...NaI, 20H,,. 
PUI oeeisaces! eadateicsten §,0,('Al'",0,)"Ko,, 240H.. 
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Numerous other instances of molecular combination might 
be adduced ; but it is only necessary here to point out that such 
molecular unions will be distinguished from atomic combina- 
tions by the use of the comma, as in the above and following 
examples : 


Tetramethylammonic tri-iodide ...... NMe, I, I. 
Tetramethylammonic pentiodide ...... N™Me, I, 21,. 
Tetramethylammonic iodo-dichloride NMe, I, C.. 


In all cases molecular combination seems to be of a much 
more feeble character than atomic union ; for, in the first: place, 
such bodies are generally decomposed with facility ; and se- 
condly, the properties of their constituent molecules are 
markedly perceptible in the compounds. Thus the above so- 
called periodides of the organic bases greatly resemble iodine in 
appearance. 


CHAPTER VI. 


CLASSIFICATION OF ELEMENTS. 


Ir has already been mentioned that the elements may be 
divided into two great classes, the metals and the non-metals 
or metalloids. A second division into positive and negative 
elements has also been explained. A third and stiJ] more im- 
portant classification is founded upon the atomicity af the 
elements. In the following classified Table all three methods 
are embodied, the metalloids being printed in red type, and the 
metals in black, whilst the positive elements are printed in 
Roman characters, and the negative in italics. In addition, 


32 WEIGHTS AND MEASURES. 


the different classes are also divided into sections, consisting of 
elements closely related in their chemical characters. 
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CHAPTER VII. 


WEIGHTS AND MEASURES. 


Tse weights and measures employed in this book are chiefly 
those of the i hgaie decimal system, founded upon the metre, 
which is ——.,", jo 9th part of a quadrant of a great terrestrial 
circle. The following Tables, published by Messrs. De La Rue 
and Co., will enable the student to convert these into their 
English equtvalente whenever it may be necessary. 
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miiials Measures of Surface. 
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French Measures of Capacity. 


eae lain eet inp a een FM —_ — - - - 











| ik cubie (dn pints Ingallong | In bushels | 
{ In eubie feet 2 | BERGE os pints , oo“ gations? 
{| imehes, lites cubte oo eubte 0 eT me eke Hot 744 
srrebaees, inches. cubic dpches oulneinchen, 
smemmerme | ~aeerguneematie ant + anata j-—- 
Millilitre or cubiceen-¢ . 0: 4 OUND agit we ToT : yor, 
bimnbtre | OH LO: Wht ., ot se moa OP HOON GES 
Centilitre or 10 cubic VB1ORT!  OGaRK WOrel wage “UG 
prntimetres eae (1G 102F3 Cr OOUIY | ral i (POONQZOTG = (POON THI 
écilitre or 100 ain : yer ° MEE yr" ; «4799, : Wir 
centinbieia c. BINT) OO0REN2 OVX: N27 OW TH12 


Litre or cubic décimatrr BLH2T05 — O4ABET TOT | CONMHAT! Oe TALE 
Deécalitre or contiatdre (| 6810-27052 OBAN166 | 017-80773) 2 20ONRBR TAL OM 
Hectolitre or déviatdre , GLUZ TGS OAT VDOT A ee OOWNATT — 2 TH1LO4H 


Poca | 61u27° ae BS BIGHEL | ATHY TTSAT 220-OWRBTET | 275120846 


' Myriolitre or décast2re GIOITOHISIV had 1859805 Tae: rT Ee | aint 675 1 27h 12094590 











4 

} 1 enbio inch & 16°386176 cubic centimetren,, 

1 cubic foot = 28°515312 cubic décimétres, or litres. 
gallon == 454335 litres. 





VOL. I. i» 


34 WEIGHTS AND MEASURES. 


French Measures of Weight. 
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Temperatures are arpral upon the Centigrade scale ; and 
barometric mcasurements are given in millimetres. 

For the ready conversion of gaseous volumes into weights, I 
have adopted the crith, or standard multiple proposed by Dr. 
Hofmann. The crith is the weight of one litre, or eubie deci- 
metre, of hydrogen at 0° C. and at a pressure of 760 millimetres 
of mercury. The following is Dr. Hoftnann’s deseription of 
the value and applications of this unit. 

“The actual weight of this cube of hydrogen, at the standard 
temperature and pressure mentioned, is 00896 gramme; a 
figure which T earnestly beg you to inseribe, as with a sharp 
graving tool, upon your memory. There is probably no figure 
in chemical science more important than this one to be borne 
in mind, and to be kept ever in readiness for use in calculation 
at a moment's notice. For this litre-weight of hydrogen 
=0:0806 gramme (1 purposely repeat it) is the standard 
multiple, or coefficient, by means of which the weight of one 
litre of any other gas, simple or compound, is computed, Again, 
therefore, I say, do not let slip this figure—0-0896 gramme. 
So important, indeed, is this standard weight unit, that some 
name—the simpler aud briefer the better—is needed to denote 
it. For this purpuse 1 venture to suggest the term crith, de- 
rived from the Greck word xp.64, siguifying a barley-corn, and 
figuratively employed to imply a small weight. The weight 
of 1 litre of hydrogen being called 1 crith, the volume-weight 
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of other gases, referred to hydrogen as a standard, may be cx- 
pressed in terms of this unit. 

“For example, the relative volume-weight of chlorine being 
35°5, that of oxygen 16, that of nitrogen 14, the actual weight 
of 1 litre of each of these elementary gases, at O° C. and 076 
pressure, may be called respectively 33°5 criths, 16 criths, and 
1+ crithe. 

“So, again, with reference to the compound gases; the rela- 
tive volume-weight of each is equal to half the weight of its 
product-volume. Hydrochloric acid (IICI), for example, con- 
sists of 1 vol. of hydrogen+1 vol. of chlorine =2 volumes ; or, 
by weight, 14+35°5=36°5 units: whence it follows that the 
relative volume-weight of hydrochloric acid gas is 2 = 18°25 
units; which last figure therefore expresses the sanabee of 
criths which one litre of hydrochlorie acid gas weighs at 0? C. 
temperature and 0°76 pressure; and the erith being (as T 
trust you already bear in mind) 0°0896 gramme, we have 


18°25 x O-0896 = 1:6352 


as the actual weight in grammes of hydrochloric acid gas. 

“So, once more, as the product-volume of water-gas (11,0) 
(taken at the above temperature and pressure) contains 2 
vols. of hydrogen + 1 vol. of oxygen, and therefore w cighh 2+16 
=18 units, the single volume of water-gas w cighk > =9 units ; 
or, substituting as before the concrete for the abstract value, 
1 litre of water-gas weighs 9 criths; that is to say, x 00896 
gramme, =0°8061 gramme. 

“In like manner the product-volume of sulphuretted hydro- 
gen (HS)=2 litres of hydrogen, weighing 2 criths, -+ 1 litre 
of sulphur-gas, woeuine 32 cribs: together 2 +32 =34 criths, 
which, divided by 2, gives > =17 criths=17 x0O'O896 gramme 
= 15282 gramme=the weight of 1 litre of sulphuretted hydro- 
gen at standard temperature and pressure. 

“And so, lastly, of ammonia (NII,); it contains in 2 litres 
3 litres of hydrogen, weighing 3 triths, and L litre of nitrogen, 
weighing 14 criths ; its total product-volume-weight is there- 

) p2 
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fore 3+14=17 criths, and its single volume or litre weight is 
consequently 


: =8'5 criths=8°5 x 0'0896 gramme=0'7616 gramme. 


“Thus, by the aid of the hydrogen-litre-weight or ertth 
= 00896 gramme, employed as acommon multiple, the actual 
or concrete weicht of 1 litre of any gas, simple or compound, 
at standard temperature and pressure, may be deduced from 
the mere abstract figure expressing its volume-weight relatively 
to hydrogen.” 

The number expressing in criths the weight of 1 litre of any 
gas or vapour being identical with its specific cravity compared 
with hydrogen taken as unity, it ix casy, when this number 
is known, to calculate the specifie gravity of the gas compared 
with air taken as unity. For this purpose it is only necessary 
to multiply by °0693, which is the specific gravity of hydrogen 
compared with air =1. 

Thus the specific gravity of oxygen compared with air is 

16 x 0693 =1:1088 ; 
of chlorine, 
35°5 x ‘0693 = 2°46015 ; 
of hydrochloric acid, 
18:25 x (0693 = 1:264725. 


CHAPTER VIII. 
MONAD ELEMENTS. 
Section I. 
HYDROGEN, Ii.. 


Atomic weight =1. Molecular weight =2. Molecular colume 


Ci). llitre weighs 1 crith. Atomicity ’, being the standard 
of comparison. 
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Occurrence.—In combination, as water, in very large quan- 
tities in nature. In almost all vegetable and animal sub- 
stances, and in many mincrals. In the free state in the gases 
of volcanoes. In the sun, certain stars, and nebula. 

Preparation.—1. By the action of sodium upon water :— 


20H, + Na, = 2ONaH + Hi, 
Water. Sodium. Bodiv hydrate. Hydrogen. 


2. By the action of sodium upon dry hydrochloric acid :— 
2HCL + Na, = 2NaCl + = = H,, 
Hrdrochloric acid. Sodium. Bodie chloride. Hydrogen. 
3. By the action of zine, iron, or certain other metals on 
hydrochloric acid :— 
2HC] + Zn = ZnCl, + = H,. 
Hydrochloric acid. Zincie chloride. 
4. By the action of zinc, or certain other metals on dilute 
sulphuric acid :— 
S8O,Ho, + Zn = 8SO,%Zn0" + = H.,. 


Sulphuric acid. Zincic sulphate. 
5. By passing steam over iron beated to redness :— 
Fe, + #40H, = i(Fe,y"'O, + 4H, 
Water. Triferric tetroxide. 
6. By the action of zinc on a boiling solution of potassic 
hydrate :— 
20KH + Zn = ZnKo, + UH, 
Potassic hydrate. Potaasic zine oxide. 
7. By the electrolysis of water and of some other liquids 
containing hydrogen. 
8. By the action of intense heat upon water. 
9. In the destructive distillation of some organic substances. 
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Section II. 
CHLORINE, (.. 


Atomic weight=35'5. Molecular weight=71. Molecular volume 
CT). 1 litre weighs 35°5 criths. Has not been solidified. 
Liquefies at 15°°5 C., under a pressure of 4 atmospheres. 
Atomicity’. Evidence of atomicity, WC. 


Oceurrence.—— Always in combination—with sodium and other 
metals in sea-water, and in the solid state in the salt-beds of 
Cheshire, Worcester, &c. Evolved from volcanoes in the form 
of hydrochloric acid. 

Preparation-—1. By heating certain metallic chlorides, as 
platinic and auric chlorides :— 

Pech = 2), 4+Pt. 
Platinic chloride. 

2. By gently heating a mixture of manganie oxide and hy- 

drochloric acid, when the reaction takes place in two stages :— 


MnO, + 41Cl = Mntl, + = 2011, 


Manganic oxide. Hydrochloric acid. Manganic chloride. Watr. 
MnCl, = Mncl, + Cl. 
Manganie chloride. Manganous chloride, 


3. By heating a mixture of sulphuric acid, sodic chloride, 
and manganic oxide, when the whole of the chlorine present is 
liberated : — 


MaQ, + 280,Ho, + 2NaCl = 80,Nao, + 


Manganic oxide. Bulphurie acid. Rodic chloride. Bodic sulphate. 
$O,Mno" + 20H, + = Cl. 
Manganour sulphate. Water. 


If iu the second process a mixture of manganic oxide, hydro- 
chloric acid, and sulphuric acid be employed, the whole of the 
chlorine is evo!ved :— 

MnO, + SO,Ho, + 2HCI = 
Manganic oxide. Sulphuric acid. Hydrochloric acid. 


SO,Mno" + 20H, + Cl, 
Manganous sulphate. Water. 
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4, By the electrolysis of hydrochloric acid. 

5. Cuprous chloride, heated in airand moistened with hydro- 
chloric acid or, heated in a current of hydrochloric acid gas, 
steam and air, produces cupric chloride. By raising the tempe- 
rature chlorine is evolved, and cuprous chloride reproduced :— 


CaCl + O + 2HC) = 2CuCl, + OH, 
and 2CuC], = Cull, + Cl, 


Reactions.—1. Chlorine and hydrogen, when mixed, unite 
instantly, with explosion, under the influenee of sunlight, or 
of powerful-artificial light, or on the application of a burning 
body to the mixture. An igniting jet of hydrogen continues 
to burn when plunged into chlorine: 


MW, + Cl, = 2Ucl. 


2. Chlorine has so great an attraction for hydrogen, that it 
removes the latter from its compounds with carbon. When a 
rag moistened with turpentine is plunged into chlorine, the 
chlorine and hydrogen unite, with evolution of heat and light, 
carbon being liberated :— 


C,H, + 8Cl = GHC! + 100. 


Turpentine. Hydrochloric seid. 


HYDROCHLORIC ACID, Chiorhydric Acid, Muriatice Acid. 
HCl. 


Molecular weight =36:5. Molecular volume [). 1 litre 
weighs 18°25 criths. Ilas not been solidified. Condenses 
at 10°, under a pressure of 40 atmospheres. 


Oceurrence.—Evolved from volcanoes. 

Preparation.—1. From its elements, as above described. 

2. By gently heating sodic chloride with sulphuric acid, pre- 
viously diluted with a smal] quantity of water :— 
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‘80,Ho, + NaCl = 80,HoNao + HCI; 
Bulphuric acid. Sodicchioride. Hydric sodic sulphate. Hydrochloric acid. 


or 80,Ho, + 2NaCl = SO,Nao, + 2HCI. 
Sulphuric acid. Bodie chloride. Sodic sulphate. Hydrochloric acid. 
Reactions.—{ydrochlorice acid may be converted into salts, 
termed chlorides, by the action of certain metals, as described 
above, and also by that of the metallic hydrates, or oxides :— 


OKH + Hcl = kCl +. OW, 

Potnasic hydrate. Hydrochloric acid. Pytassic chloride. Water. 
Zn) + 2Cl = Zncl, + OH, 
Ziucic oxide. Hydrochloric acid. Zincie chloride, Water. 


For the remaining monad clements of this Section, see 
Chapter XIV. 


CHAPTER IX. 
DYAD ELEMENTS. 
Section I. 


OXYGEN, 0, 


Atomic weight=16. Molecular weight=32. Alolecular volume 
CL). 1 litre weighs 16 criths. Atomicity". Evidence of 
atomicity :-— 


AV GLEE: 2hcii timc seenavawinrneeenew: On. 
Potaasic hydrate .........0..........008 OKH. 
Argentic oxide ............ 6... cc cee eee. OAg.. 
Hypochlorous anhydride ............ OC.,. 


Occurrence.—In the free state, in the atmosphere. In the 
combined state, in water, in most mineral bodies, and in almost 
,all animal and vegetable compounds. 

Preparation.—1. If metallic mercury be heated to its boiling- 
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point with access of air, it gradually absorbs oxygen, being 
converted into mercuric oxide, Hg’O. This compound, when 
more strongly heated, is resolved into its elements, 
2HgO = 2Hg + Oz, 
Mercuric oxide. Mercury. Oxygen. 

2. By heating native manganic oxide (pyrolusite), a portion 

of its oxygen is liberated :— 
38Mn0, = (MnO, + = QO, 
Manganic oxide. Trimanganic tetroxide. 

3. Oxygen is evolved in nature, in a remarkable manner, by 
the decomposition of carbonic anhydride, CO,, by the green 
leaves of plants, the vegetable assimilating the carbon, whilst 
the oxygen escapes into the atmosphere :— 


CO, = C + QO. 


2 a 


Carbonic anhydride. 
4. By the action of heat upon potassic chlorate :— 


OCcl 
(Atomic) O =KCl + 380; or 
Ok 
Oc! 
(Molecular) 2; 0 =2KC] + 30,. 
OK 
Potassic chlorate. i Siseatd Oxygen. 


5. By mixing the potassic chlorate with manganic oxide, the 
oxygen is evolved at a much lower temperature ; the manganic 
oxide appears to take no part in the reaction. 

6. By dropping concentrated sulphuric acid into a red-hot 
platinum retort, the acid is decomposed into oxygen, sulphu- 
rous anhydride, and water :— 


(Atomic) SO0.Ho, = 80, + OH, + O; or 
(Molecular) 280,Ho, = 280, + 20H, + O,. 


Suiphuric acid. Sulphurous Water. 
ydride. 


7. By the electrolysis of dilute sulpburic acid. 
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8. By the action of heat upon a mixture of manganic oxide 
and sulphuric acid :— 


(Atomic) Mn0O,+ SO,Ho,= SO,Mno"+ OH,+ O; or 
(Molecular)2Mn0, + 280, Ho, = 2S0,Mno” + 20H, + O,,. 


Muanganic Sulphuric Manganous Water. 
oxide, acid. sulphate. 


9, By heating a mixture of potassic bichromate and sulphuric 
acid :— 


CrO, Ko 
2/0 + s80O,Ho, = 280,Ko, 
| Cri) Ko 
Potaasic bichromate. Sulphuric acid. Potassic sulphate. 
+ 28 0,0'Cr' Oj) + 80, + SOH,. 
Chromic sulphate. Water. 


10. By passing steam and chlorine through a red-hot porce- 

lain tube, hydrochloric acid and oxygen are formed :— 
20H, + 241, = 4HCl 4+ = O, 
Water. Chlorine. Hydrochloric acid. 

Reaction —A mixture of two volumes of hydrogen and one 
volume of oxygen explodes at a red heat, water being produced. 
The same compound is formed when hydrogen is burnt in oxy- 
gen, or oxygen in hydrogen :— 

(Molecular) 2H, + QO, = 20H,, 


ALLOTROPIC OXYGEN, or OZONE, (),. 


Molecular weight=48. Molecular volume (_). 1 litre weighs 
24 criths. 


Preparation.—1. When electric sparks are passed through air, 
or oxygen, a peculiar odour, which is due to ozone, is observed. 

2. By placing phosphorus for a few hours in moist air, at 
about the ordinary temperature. 

3. By passing an electric current through dilute sulphuric 
or chromic acid. 
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Thus obtained, ozone is always mixed with a large proportion 
of air, or oxygen. 

Properties.—Powerfully oxidizing. It oxidizes organic mat- 
ter, silver, and mercury at the ordinary temperature. When 
oxygen is converted into ozone, contraction of volume takes 
place ; and when the ozone is heated to 290", it is retransformed 
into the original volume of ordinary oxygen,—indicating that 
the molecule of ozone contains more atoms than the molecule 
of ordinary oxygen. 

In most cases of oxidation by ozone no diminution of the 
volume of gas takes place, the additional atoms, previously in- 
troduced into the molecules of oxygen, being removed, and 
ordinary oxygen becoming free. But oil of turpentine absorbs 
the whole molecule of the ozone, leaving untouched the oxygen 
which was previously present in the state of admixture. By 
observing the contraction during its production, and the dimi- 
nution of volume produced by absorbing the ozone with oil 
of turpentine, its density may be readily caleulated, and con- 
sequently its atomic constitution. 

By this means the specific gravity of ozone has been shown 
to be 24, the molecular weight being therefore 48, which is the 
weight of 3 atoms of oxygen. 

In ordinary oxygen, the molecule is composed of two atoms 
of oxygen, and is represented by 


60 weighing 32. 
YY ee 
In ozone, the molecule contains 3 atoms of oxyren, and is re- 
presented by 


O—O weighing 48. 
er 
O 
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WATER, IHydric Oxide. 
W—O—H OH,. 


Molecular weight =18. Moleculur volume (1). 1 litre of 
water-vapour weighs 9 criths. Melts at 0°. Boils at 100°. 


Occurrence. — Very abundantly in nature. 


Formation. —1. By the direct union of hydrogen and oxygen, 
as already deseribed. 


2. Asa secondary product, in numberless chemical reactions, 


as, for instance, in the action of hydrochloric acid on potassic 
hydrate :— 


OkKIl + HC = OH, += KCL. 


Potasnio hydrate. Hydrochloric acid. Water. Potassic chloride. 


Reactions —1. By its action many metallic oxides are con- 
verted into hydrates :— 


OK, + OH, = 20KH. 


Potassic oxide. Water. Potassic hydrate. 
BaQ + OH, = Balio,. 
Baric oxide. Water. Baric hydrate. 


2. It transforms anhydrides into acids :— 


N,O, + Oll, = 2NO0,Ho. 
Nitric anhydride. Water. Nitric acid. 
SO, + OH, = 80,Ho,. 
Sulphuric anhydnde. Water. Sulphuric acid. 


P.O, + 80H, 


Phosphoric anhydride. Water. 


2POHo,. 


Phosphoric acid. 


8. It also unites molecularly with many compounds, as 


water of crystallization (see Chapter V.), as in the following 
instances :— 


BaCl,, 20H, ...................... Barie chloride. 
SO,Nao,, OOH, ............... Sodie sulphate. 
8,0, Ko,(‘Al’’,O,)", 240H,... Potash alum. 


HYDROXYL. $5 


HYDROXYL, WHydric Peroxide. 


H—O--O—H — H,0, or (HO), or Ho, or { aT 


Probable molecnlae weight = 34. 


Preparation.—By passing a current of carbonic anhydride 
through water in which barie peroxide is suspended :— 


(Ons g Olt 
Ba OH, = COBao ' 

| Oo + Co, + 2 + Oll 
Raric peroxide, Carbonic anhydride. Water. Raric carbonate. Hydroxyl. 


Reactions —1. Bysheat it is decomposed into water and 
oxygen :— 


Oll 

) — 9) 

21 OH = 201, + 0, 
Hydroxyl. Water. Oxygen. 


2. Hydroxyl is transformed intowater by the action of nascent 
hydrogen : if hydroxy] be introduced into an apparatus in which 
hydrogen is being generated, the gas ceases to be evolved :-— 


| OH 


80,To, + Zn +iou = SO.Zn0" + 2011, 
Sulphuric acid. Hydroxyl. Zine sulphate. Water. 


3. Hydroxy] liberates iodine from potassic iodide :— 


ol fON _ ‘sar 
2KI + (Ou = 2O0KH + = (CI, 
Potaasic iodide. Mydrorylh Potassic hydrate. Iodine. 
4. Hydroxy] is a powerful oxidizing agent ; it converts, for 
instance, plumbic sulphide into plumbic sulphate :— 
er OH pees +) se 
Pes’ + 416); = 80,Pbo" + 40H, 


Plumbiec sulphide. Hydroxyl. Plaumbic sulphate. Water. 
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COMPOUNDS OF CHLORINE WITH OXYGEN 
AND HYDROXYL. 


Oxygen forms many compounds with chlorine and with 
chlorine and hydroxy]; but none of them can be produced by 
direct combination. The following list contains all that are 
known :— 


Hypochlorous \ 
anhydride ...... | OCl, Cl—-O—Cl 
Cliloric oxide? ... { Scr cl—0—0—Cl 
i oc! 
Chloreus anhy- 
dride ws... ae C= 000-0) 
OCcl 
Chiorie peroxide 5 ; CI—O—-0—0—O—CI 
0c! 
Oc! 
O 
Chlorie hyper- O : 
a g:  ©l-0—0--0—0—0—0—CI 
+O 
(OC: 
Hypochlorous acid, OCIH, or ClHo. H—O—C!) 
Chlorous acid...OCIHTo, or pas H~O—O—C 


; oc! 
Chiorie acid... 12M or 40°. = H-O—0—0—¢1 
{ OHo OH 


lo O° 


Cl OCcl 
Perchloric acid | QO, or O H—O—O—O—O—C! 
? Ou 


OXIDES OF CHLORINE. 


HYPOCHLOROUS ANHYDRIDE. 
OOl;. | 
Molecular weight =87, Molecular volume Cr. 1 litre of 
hypocklorous anhydride vapour weighe 43°5 criths. Botle at 
about 20°. 
Preparation.—By passing chlorine over dry mercuric oxide, 
at a low temperature :— 


HegCl saree 
2HgO + 2C1, = O + ; 
2 FHgCl 2 
Mae oxychloride. see 


CHLOROUS ANHYDRIDE. 
Ocl 
Oo. 
OU] 

Moleeular weight =119. Molecular volume anomalous \\_{_|. 


1 litre weighs 39:7 crithe. 


Preparation —By gently heating in a water-bath a mixture 
of potassic chlorate, nitric acid, and arsenious acid. Four dif- 
ferent reactions are to be distinguished in this operation :-— 


{Ok + NOM = '27 4 NOK; 


OKo | Oo 
Potassic chlorate Ditric acid Chlorie acid Potaane nitrate. 
2. Asifo, + NO,Ho = NOHo + As0Io,; 
Arsemious acid Nitric acid, Nitrous acid Arsenic acod 
3. {O20 1 NoHo = Olio + MNO, 
“ | OHo re ee 
Chione acd. Nitrous acid. Chiorous acid Notrie aid. 
OCcl 
4. 20ClHo = {0 + OH, 
OCcl 


Chiorous acid. Chlorous aubydride Water 


4.8 HYPOCHLOROUS ACID. 


CHLORIC PEROXIDE. 
OCcl 
QO, 
QO 
(OC . 
Molecular weight =185. Boils at 20°. 
Preparation.—By the action of sulphuric acid on potassic 
chlorate :-— 


revel OCcl 

3 | O28, 1o,= O  4280,oKo+OH, +40 - 
OKo oc! 

Potnasic Sulphuric Potassac | Heydre potassic Water. Chloric 
chiorate. nerd, perchlorate. mrtplisnte. peroxide 


HYPOCHLOROUS ACID. 
OCI, or CIHo. 


Molecular weight =52°5., 
Preparation.—1. By the action of water on hypochlorous 
anhydride :— 
OC, + OH, 2ClHo. 


Hypochlorous anhydride. Water. Hvypochlorous acid. 


2. By the action of chlorine upon mercuric oxide, in the pre- . 
sence of water :— 


HgCl 
2HgO + OW, + 2C), = {ge + 2ClHo. 
Cl 


Mercurie oxide. Water. Chlorine. Mercuric Hypochlorous 
oxychloride. acid. 


Reactions.—1. By the action of hydrochloric acid, chlorine 
is evolved from both the hydrochloric acid and hypochlorous 
acid :-— 


CiHo + HCL = Ch +. OF, 
Hypochlorous acid. Hrdrochloric acid. Chlorine. Water. 


ACIDS OF CHLORINE. 49 


2. By the action of argentic oxide, oxygen is evolved from 
both compounds :— 
OAg, + 2ClIHo = 2ApC) + OH, + O,. 


Argentic Hypochlorous Argentic Water. 
oxide. © acid. chloride. 


3. By the action of hypochlorous acid, metallic oxides or hy- 
drates are converted into hypochlorites :— 
OKH + CliHo = CIKo + OH,. 


Potaasic hydrate. Hypochlorous Potasaic Water. 
acid. hypochlorite, 


It was formerly supposed that hypochlorites, together with 
chlorides, were formed when chlorine acted upon certain me- 
tallic oxides and hydrates :— 

2Cl, + 2Callo, = CaCl, + Cao"Cl + 20H, 

Calcic hydrate. Calcie chloride. Caloie hypochlorite. Water. 

But the so-called chloride of lime or bleaching-powder does 

not contain calcic chloride, and the true reaction appears to be 
Callo, + Cl = Cacochyc) + Off, 


2 
Calcic hydrate. Bleaching-powder®. Water. 


By the action of acids this compound yields free chlorine :— 
Ca(Ochcl + S80O,Ho, = SO,Cac” + OH, + CI, 


Bleaching-powder. Sulphuric acid. — Caleie sulphate. Water. 


CHLOROUS ACID. 
Oc 
OClHo or {OH 
Molecular weight =68'5. 
Preparation.— By the action of water upon chlorous anhy- 


dride :— 
OCcl 
_ » foci 
Chlorous anhydride. Water. Chlorous acid. ‘ 


* Ci—Ca—O—C1. 
VOL, I. 


* CHLORATES. 


CHLORIC ACID. 
OCcl 

(Sg, {o- 
. OH 


Molecular weight =84'5. 
Preparation.—By the action of dilute sulphuric acid upon 


baric chlorate :— 


[ OC] 
O 
" OC! " 
‘ Bao" + 80,Ho, = 2{ oO, +  80,Bao". 
(OCI 

chlorate. Sulphuric acid. Chloric acid, Baric sulphate. 


Decomposition.—By boiling, it is decomposed into perchloric 


acid, water, chlorine, and oxygen :— 


OC! 

» f OC) 

31 Offo = {0 + OW, + CL + 20, 
Ollo 


Perchloric acid. Water. 


Chloric acid. 
Preparation of Chlorates.—1. Potassic chlorate may be pre- 
pared by the action of chlorine upon a concentrated solution 


of potassic hydrate :-— 
- ac) oR OC 
6OKH + 3Cl, = SKC] 4+ Oko + 30H. 
Potassic Chlorine, Potasaic Potaasic f 
hydrate. chloride. chlorate. 
2. Calcic chlorate is made by passing chlorine through boil- 


Water. 


ing milk of lime :— 


; OC 
O 
6CaHo, + 6Cl = < el + 5CaCi, + 60H8,. 
, OCl 
Calcic chlorate. Calcio chloride. Water. 


Caleic Hydrate. 
By the addition of potassic chloride to the calcic chlorate, 
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potassic chlorate is formed ; the latter is then separated from 
the calcic chloride by crystallization :—~ 


ie 
ted + 2KCl = 2 { Oke + Cac, 
~ (OCcl 


Calcic Potaasic Potaasic Caleic 
chlorate. chloride, chlorate. chloride. 


PERCHLORIC ACID. 


oc. (OC 
QO or O°: 


Molecular weight =100'5. 
Preparation.—Potassie perchlorate is distilled with about 
three times its weight of sulphuric acid :— 


Ocl OC 

2 O + SO flo, = 2 {0 + 80,Ko,. 
OKo | OHo 

Potassic perchlorate.  Bulphuric arid. Perchloric acid. Potasnic sulphate. 

The impure perchloric acid is then carefully rectified, when 
pure perchloric acid passes over as an oily liquid towards the 
end of the operation. z 

It forms with water a white crystalline hydrate. 

Preparation of Potassic Perchlorate.—-1. Potassic chlorate 
is heated gradually, and the process arrested when one third 
of the oxygen present has been evolved; the residue then 
contains potassic chloride and perchlorate :— 


OC! 
Oc! 
2 | Oko = KCL + {o. + O,.: 


Potessic chlorate. Potassic chloride. Potassic perchlorate. 
E2 


@ 
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By crystallization, the two salts are separated. 
2. When potassic chlorate is gradually introduced into 
boiling nitric acid, chlorine and oxygen are evolved, potaassic 


nitrate and perchlorate being formed :— 


3{ | LoNO,Ho=2N0,Ko+OH,+ 410  +C1,+20, 
OKo 


Oko + 
Potassic Nitric acid. Potassic nitrate. Water. Potasnic 
chlorate. perchlorate. 


These salts are then separated by crystallization. 


 ) 
CHAPTER X. 
TRIAD ELEMENTS. 
Secrion I. 
BORON, B,. 

Atomic weight =11. Probable molecular aveight =22. Sp. q", 
diamond variety, 268.  Atomicity"’. Evidence of ato- 
micity :— 

Boric chloride ............ B''Cl,. 

Boric fluoride .......,.... B’’F,. 

Boric ethide ............... B'Et,. 
Oceurrence—Found only in combination with oxygen. 
Preparation :— 

a. Amorphous boron.—1. By igniting boric anhydride with 
sodium :— 


BO, + 3Na, = 30Na, + B.,, 
Boric anhydride. Sodium. Bodic oxide. 
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2. By passing boric chloride over heated potassium — 


2BC], + 38K, = GKC] + B, 
Borio chloride. Potassic chloride. 


8. Diamond boron.—By fusing boric anhydride with alumi- 


nium :— 
Al, + BO, = ‘Al'’,.O, +. B,. 


Boric anhydride. Aluminic oxide. 


Reactions.— 

a. Amorphous boron.—1. Decomposes hot sulphuric acid :— 

B, + 380,Ho, = BO, + 30H, + 380, 
Water. Rup lhurous anhydride. 


Bulphurie acid, Borie anhydride. 


2. Decomposes nitric acid :— 
B, + 6NO,Ho = 


Nitric acid. 


2BHo, + 3'N"0, 


Boric acid. Nitric peroxide. 


3. Decomposes alkaline carbonates, sulphates, and nitrates: — 


B, + 3CONas, = 2BNao, + 3C0"0. 
Rodic carbonate. Trisodic borate. Carbonic oxide. 


°BKo, + 380, 


Tripotassic borate. Sulphurous anhydride. 


B, + GNO,Ko = 2BKo, + 3'N",Q,. 
Potassic nitrate. Tripotassic borate. Nitric peroxide. 


4. Boron is one of the few elements which unite directly 


B, + 380,Ko, = 


Potassic sulphate. 


with nitrogen :— 
cae 2B" 'N eer : 


B, + N, = 
Borie nitride. 


2. Diamond boron.—1. When fused with hydric potassic sul- 


phate, boric anhydride is formed :— 


680,HoKo + B, = BO, + 380,Ko, + 80H, + 380,,. 
Boric Potaasic sul- Water. Sulphurous 
phate. anhydride. 


a deni ena anbydride. 


No compound of boron with hydrogen has been obtained ; 
but the chloride, bromide, and fluoride are known. 
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BORIC CHLORIDE. 
BCl.. 
Molecular weight =117°5. Molecular volume (Ll. 1 litre of 
boric chloride vapour weighs 58°75 criths. Sp. gr. 1:85 
at 7°. Boils at 17°. 


Preparation.— By passing chlorine over a mixture of boric 
anhydride and charcoal heated to redness :— 


BO, + 3Cl, + C, = 2BCI, + 8C0. 
Boric anhydride. Boric chloride. Carbonic oxide. 

Reaction.—In contact with water it forms hydrochloric and 
boric acids :— 


BC], + 80H, = 3HC] + Bilo,. 


Boric chloride, Water. Hydrochloric acid. Boric acid. 
BORIC BROMIDE. 
BBr,. 


Molecular weight =251. Molecular volume {1}. 1 litre of 
boric bromide vapour weighs 125°5 criths. Sp. gr. of liquid 
=2°69. Boils at 90°. 

Prepared and decomposed in exactly the same way as the 

chloride. e 


\ BORIC FLUORIDE. 
| BF. 
Molecular weight =68. Molecular volume (1). 1 litre weighs 
34 crithe. ’ 
Preparation.—1. By strong'y heating boric anhydride with 
calcic, fluoride :— 


2B.0, + 3CaF, = 3B,Cao’, + 2BF,. 
Boric anhydride. Calcic @uoride. Calcic borate. Boric fluoride. 
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2. By heating together boric anhydride with calcic fluoride 
and sulphuric acid :— 
B.O, + 3CaF, + 380,Ho, = 380Ho,Cao” + 2BF,. 


Boric Caleic Sulphuric Dihydnic caleic Borie fluo- 
anhydnde. fluoride. avid, sulphate *, ride 


Reaction. —By contact with water, boric fluoride forms o 
peculiar acid, the hydrofluoboric acid, the constitution of which 
is not well understood :— 

4BF, + 30H, = 3(BF,HF) + Bio, 


Bone fluonde. Water. Hydrofluoborie acid, Borw seul 
This acid acts upon metallic hydrates, forming salts :-— 
BF, HF + OKH = BF,KF + QOH, 


Hydrofluvboric Potasme Potasuc Water 
acid. hydrate. borofluunde 


Possibly the boron in these compounds is pentadic—thus, 
BHF, and B’KF,. whoa ty . ee Say 
Pr er ha t 4 oO ae feof? 


COMPOUNDS OF BORON WITH OXYGEN AND 


HYDROXYL. 
Boric anhydride... BO.. 
Monobasic boric acid | BOHo. 


Metaboric acid 
Tribasic boric acid . f .. ... BHo,. 


Boric acid 
o : lad * 


BORIC ANHYDRIDE, Boracic anhydride. 
B,0,. 
Molecular weight =70. Sp. gr. 1°83. 
Preparation.—By fusing boric acid at a red heat :— 
2BHo, = BO, + 30H, 
Bone aad. Bone anhydade Water. 
* See sulpburic acid, Chap. XIII. p. 83. 
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BORIC ACID, Boracie Acid, Orthoboric Acid., 
BHo,. 
Molecular weight =62. Sp. gr. 1479. 


Occurrence.—Contained in the steam which escapes from the 
soffioni in Tuscany. 

Preparatien.— By the addition of hydrochloric acid to a hot 
saturated solution of borax, when the acid crystallizes out on 
cooling :— 


B,O,Nao, + 2HCl + SOH, = 4BHo, + 2NaCl. 
Borax Hydeneulorts Water. Boric Bodic 
avi acid. chloride. 
Reactions.—1. At the temperature of 100° it loses water, 
being converted into metaboric acid :— 
ea 


a pee at Bio, = BONo + OH, 


yor , : : 3 : 
ies : Boric acid, Metaboric acid. Water. 


2. By the action of metallic hydrates, oxides, or carbonates, 
borates arc formed. Bo as 


é. 
one oI vd 
if at “ he , ‘ i Pe er - 


The mineral tincal contains borax, an abnormal sodie Euereren 


B,O,Nao,, 100H,. : ay .¢ Us » Mh. ; es f pe cn #s) ri 
fs eae -¢ oS 


a . Oy rOr 
-¢ & Na-O—B B-—-O—B B—O—Na. /“. 
\0R o, ASY 


A trimagnesic octoborate is case as t oe mineral boracite :— 


6 O-—Mg—O 
o-f b~o—b-o—b-0—$ #-0 
| SOY Lor | 
Mg Mg 
b De a) A G05, b 
b B 
a é 


COMPOUNDS OF BORON. 57 


BORIC SULPHIDE. * 
B,S",. 
Molecular weight =118. 


Preparation.— By passing carbonic disulphide over a mixture 
of carbon and boric anhydride, heated to bright redness :— 


2B.0, + 3CS”", + 38C = 29BS”, + 6C'0. 
Boric Carbonic Boric Carbonic 
anhydride. disulphide. sulphide. oxide. 
Reaction.—Boric sulphide is readily decomposed by water, 
giving sulphuretted hydrogen and boric acid :-— 


BS’, + 6OH, = 380, + 2Bllo,. 


Boric Water. Bulphuretted Boric 
sulphide, hydrogen, acid, 
BORIC NITRIDE. 
BN eve 


Molecular weight =25. 


Preparation —1. By heating boron in nitrogen (see p. 53). 
2. By heating together borax and ammonic chloride:— ~ 


BO,Nao, + 4NI,Cl = 4BN”" +4 2NaCl 
Borax. Ammonic chloride. —_— Boric nitride. Bodic chloride. 
+ 7OH, + 2HCL 
Water. Hydrochloric acid, 


Reaction.— When fused with potassic hydrate, borie nitride 
yields tripotassic borate and ammonia :— 
~ BN” + 830OKH = BKo, + WNH.,. 


Borie Potassic Tripotansic Ammonia. 
nitride. hydrate. borate. 
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CHAPTER XI. | 


TETRAD ELEMENTS.’ 


Section I. 

CARBON, C. 
Atomic yoeitght =12. Atomicity"’ and‘’. Evidence of atomi- 

city :— 

Carbonic oxide............ co. ye 
Carbonic tetrachloride... O'CI,. 7 afi — 
Marsh-gas................0. CMH. fr sere ee 
Chloroform ........ ...... CrHClL.s 2 26s 


Occurrence.—In large quantities in nature, but ‘chiefly in 
combination. 

Three varieties of carbon are known :— 

a. Amorphous carbon. 

Occurrence.—In smal) quantities in nature, as mineral 
charcoal. 

Preparation.—1. By the action of heat on animal and vege- 
table matters, without access of air. 

2. By the action of potassium, at a high temperature, on 
carbonic anhydride. 

Reaction.— By treatment with a mixture of potassic chlorate 
and fuming nitric acid, it 18 converted into brown compounds 
soluble in water. 

B. Graphite. 

Occurrence.—As the mineral called plumbago. 

Preperation.—1. By the action of intense heat on the 
diamond. 

2. By dissolving charcoal in melted cast iron, and subsequent 
cooling, when the graphite separates in the crystalline state. 

8. By heating the various forms of amorphous carbon in the 
electric arc. . ° 

Reaction — By prolonged digestion with a mixture of nitric 
acid and potassic chlorate it is converted into graphitic acid, a 
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brown crystalline body insoluble in water. Graphitic acid, 
when heated in the dry state, swells up suddenly, being 
changed into pyrographitic oxide, which is dissolved by the 
mixture of potassic chlorate and nitric acid. 

y. Diamond. 

Occurrence—In small quantities in nature. Has not yet 
been obtained artificially. 

Reaction.—Is not affected by a mixture of potassic chlorate 
and nitric acid. 


COMPOUNDS OF CARBON WITH OXYGEN. 
CARBONIC ANHYDRIDE. 
Co,. 

Molecular weight =44. Molecular volume Oo. 1 litre 
weighs 22 criths. Fusesal —57°. Boils befow its melting- 
pornt. es 

Oceurrence.—In the atmosphere, and dissolved in water. 

Formation.— By the combustion of carbon aud of carbona- 
ceous substances iu air oroxygen. Inrespiration, decay, putre- 
faction, and fermentation. During the formation of coal. 

Evolved from volcanoes. 

Preparation.—1. By burning carbon in air or oxygen :— 
C + O, = CO,. 


Carbonic 
anhydride. 


~ 2, By the action of acids upon metallic carbonates :— 
COKo, + 80,Ho, = CO, + OH, + 80,Ko, 


Potassic Sulphuric acid. Carbonic Water. Potamic 
carbonate. 


anhydride. sulphate. 
COKoHo + NO,Ho = CO, + OH, + MNO,Ko. 
Hydric potassic Nitric acid. Carbonic Water. Potemic 
carbonate. anhydnde. nitrate. 
CoOCac” + 2HC] = CO, + OH, + CaCl, 


Calcic Hydrochloric Carbonic Water. Calei 
carbonate. acid. anhydride. chloride. 
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Reactions. —1. Carbonic anhydride is decomposed by heated 
potassium : — 


3CoO, + 2K, = 2COKo, + C. 
Carbonic anhydride. Potassic carbonate. 
2. It acts upon metallic hydrates, forming carbonates :— 


CO, + 2KHo = COKo, + OH, 


Carbonic anhydride. Potassic hydrate. Potrasic carbonate. Water. 
CO, + CaHo, = COCao” + OH, 
Carbonic Caleic Calcic Water. 
anhydride. hydrate. carbonate. 


Carbonic acid, CONo,, is not known. 


CARBONIC OXIDE. 
Co. 
Molecular weight =28. Molecular volume (T]. 1 Ktre 
weighs 14 criths. 
Formation.—In the combustion of carbon or carbonaceous 
' matter, with a limited supply of air. In the destructive dis- 
tillation of many organic substances containing oxygen. . 


Preparation.—1. By passing carbonic anhydride over red-hot 
charcoal :— 
co, + C = 20. 


Carbonic anhydride. Carbonic oxide. 
2. By passing carbonic anhydride over red-hot iron :— 
4CO, + Fe, = i(Peyiio, + 400. 
Carbonic anbydride. Triferric tetroxide. Carbonic oxide. 


8. By heating iron or carbon with a carbonate :—- 
COCao” + C = Cad + 2C0. 
Caicic parbonate: Lime. Carbonic oxide. 
4. By heating oxalic acid with sulphuric acid (by which water 
is removed from the former), and then separating the carbonic 
anbydride by washing with sodic hydrate :— 


{ooH, = OH, + ©O + CO, 
Oxalic acid, Water. Carbonic oxide. Carboni 


nic 
anhydride. 


NITROGEN. 61 
5. By heating formic acid, or a formate, with sulphuric acid :— 


| GOH = OH, + CO. 

Formic acid. Water. Carbonic oxide. 
6. By heating potassic ferrocyanide with sulphuric acid :— 
Fe’C,.N,K, + GOH, + 6SO,Ho, = 600 


Potassic ferrocyanide. Water. Sulphuric acid. Carbonio oxide. 
+ 280,Ko, + 80,Feo” + 380,(NII0),. 
Potassic sulphate. Ferrous sulphate. Ammonic sulphate. 


Reactions —1. It burns in air and oxygen, producing car- 
bonic anhydride :— 
CO + O = CO,. 


Carbonic Carbonic 
oxide. anhydride. 


2, Carbonic oxide and chlorine unite under the influence of 
light (p. 30), forming carbonic oxydichloride, or phosgene gas, 
cocl.,. 

The compounds of carbon with chlorine, nitrogen, and hy- 
drogen will be studied in connexion with organic compounds. 


eee ere een Ce 


CHAPTER XII. 


PENTAD ELEMENTS. 
Secrion I. 
NITROGEN, Azote, N,,. 


Atomic weight =14. Molecular weight 28. Molecular volume 
[T). 1 litre weighs 14 criths. Atomicity*’, which, by 
the mutual saturation of pairs of bonds, becomes reduced to 
"or to’ (see p. 20). Evidence of atomicity :— 

Nitrous oxide... ..°..... ON... 
Ammonia ...... pididene es N''H,. 
Ammonic chloride ..... IN"H.Cl. 
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Occurrence.—In the free state in the atmosphere. In some 
nebula? In combination, in animal and vegetable bodies, and 
in native nitrates. 

Preparation.—1, By burning phosphorus in air, whereby 
the oxygen is removed from the latter. 

2. By passing air over ignited copper, when the oxygen 
unites with the copper. 

3. By heating ammonic nitrite, or a mixture of ammonic 
chloride and potassic or sodic nitrite :— 


N"O(N'H,O) = N, + 20H,. 

Ammonic nitrite. Water. 
NIT,Cl + NONao = NaCl + N, + 20H, 
Ammonic chloride. Sodic nitrite. Sadie chloride. Water. 


4. By passing chlorine through an excess of solution of 
ammonia :— 


‘SANIT, + 3Cl = 6GNHCl + N. 


Ammonia. Amwonie chloride. 


COMPOUNDS OF NITROGEN WITH OXYGEN 
AND HYDROXYL. 


Nitroms oxide.. ............ ON,,. N—O—N 
Oo O 
Nitric oxide*..... . ... { a i | 
NO N—_N 

NO O O 

Nitrous anhydride...... 40. . | | 

: NO N—O—N 


* This compound is anomalous; for its molecule, deduced from the spe- 
ciflo gravity, is repreeented by NO. The dissociation, which in the 


case of { No: is very imperfect at 0° C., but almost complete at 100°C., 


is probably nearly complete in the case of NO, at the lowest temperature to 
which this gas has hitherto been exposed. 


NITRIC ACID. 0d 


O=N=O0 
Nitric peroxide ......... at A 
2 O=N=O 
O Oo 
NO, I | 
Nitric anhydride ...... QO. . N—O—N 
NO, t ; 
O O 
Nitrous acid ............... NOHIo. O=-N—O—II 
O 
i 
Nitric acid ...............64., NO, To. N—O—]H 
I 
O 


NITRIC ACID, Aquafortis. 
NO, Ho. 


Molecular weight =6%. Molecular volume [J]. 1 litre of 
nitric acid vapour weighs 31:5 crithe. Fuaes at —50°. 
Boils at 84°°5. 

Production.—1. By the slow oxidation ef nitrogenized orga- 
nic matter, in the presence of powerful bases. 

2. By the passage of electric sparks through moist air. 

Manufacture.—By distilling potassic nitrate (nitre), or sodic 
nitrate (cubic nitre), with concentrated sulphuric acid:— | 

NO,Ko + 80,Ho, = SO ,HoKo + WNO,Ho. 


Potassic Sulphuric Hydric potaasic Nitric acid. 
nitrate. acid. sulphate. 


By employing two molecules of potassic nitrate and one of 
sulphuric acid a saving of sulphuric acid is effected, but a 
higher temperature is required, which destroys some of the 
nitric acid. The reaction takes place in two stages :— 

I. 2N0,Ko + S80O,Ho, = 80,HoKo 
Potessicnitrete. Sulphuric acid. Hydric potassic sulphate. 
+ WNO,Ko + WNO,Ho. 


Potaasic nitrate. Nitric acid. 
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2. SO,HoKo + NO,Ko = S8O,Ko, + WNO,Ho. 


Hydric potassic sulphate. Pvtassic nitrate. Potassic sulphate. Nitric acid. 
Decompositions.—1. The decomposition which nitric acid 
undergoes by heat is expressed in the following equation :— 
4NO,Ho = 20H, + 2’N*O, + O, 
Nitric acid. Water. Nitnc peroxide. Oxygen. 
2. By the action of metallic oxides or hydrates, nitric acid 
produces nitrates :— 
OKH + NOQO,Ho = NO,Ko + OH, 


Potasawe hydrate. Nitric seid. Potassic nitrate. Water. 
. NO, 

PoO + YNO Jo =4Pbo” + ONL, 
NU, 

Plumbiec oxide. Nitric acid. Plamilne nitrate. Water. 


NITRIC ANHYDRIDE. 
N,\,. 
Probable molecular weight =108. Probable molecular volume 
(T). uses at 20°°5. Boils at 45”. 
Preparation.—1. By passing dry chlorine over argentic ni- 
trate, heated first to 93° and then to 66°. 
ANO,Ago + 2Cl, = 4AgCl + 2N,O, + = O,. 


Argentic nitrate. Argentic Nitric 
chionde. anhydride. 


2. By passing the vapour of nitric dioxychloride over argentic 
nitrate heated to 60°-70°. 
NOC] + NO,Ago = AgCl + N,O,. 


Nitric Argentic Argentic Nitric 
dioxychloride. nitrate. chloride. anhydride. 


Reaction.— By the action of water it forms nitric acid :— 


NO, + OH, = 2NOHo. 
Nitric anhydride. Water. Nitric acid. 
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NITROUS ANHYDRIDE. 
N,O,. 
Probable molecular weight =76. Probable molecular volume 
CO. 
Preparation.—1. By heating together nitric acid and starch. 
2. By gently heating nitric acid with arsenious anhydride :— 
AsO, + 2N0O,Ho = AsO, + NO, + OH, 


Arecnious Nitric aad. Arsenic Nitrous Water. 
anhydride. anhydride, anhydride. 
3. By the action of strong nitric acid on silver :— 
6NO,Ho + 2Ag, = %4JNU,Ago + NO, + 30H,. 
Nitric acid. Argentic nitrate. Nitrous anhydride. Water. 
NITROUS ACID. 
NOHo. 


Molecular weight =47. 
Preparation.—By mixing liquefied nitrous anhydride with a 
small quantity of water :— 
NO, + OH, = 2NONo. 
Nitrous anhydride. Water. Nitrous acid. 
Decompositions.—1. In the presence of much water, nitric 
acid and nitric oxide are formed :-— 
8NOHo = NO,Ho + %‘W',O, + #£4OH,. 
Nitrous acid. Nitric acid. Nitric oxide. Water. 
2. -Nitrous acid acts as a reducing agent under some circum- 
stances :— 


2NOHo + O, = 2NO0,Ho; 
Nitrous acid. Nitric acid. 


and as an oxidizing agent under others :— 


4NOHo = 2WN".0, + 20H, + O,. 
Nitrous acid. Nitric oxide. Water. Oxygen. 
3. By the action of metallic oxides or hydrates, nitrous acid 
forms nitrites :— 
OKH + WOHo -= WNOKo + # OF. 


Poteasio hydrate. Nitrous acid. Potassic nitrite, Water. 
VOL. I. Pr 
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NITROUS OXIDE, Laughing Gas. 
ON,. 


Molecular weight =44. Molecular volume[ J. 1 litre weighs 
22 crithe. Fuses at —101°. Boile at —88°. ~ 


Preparation.—1. By the action of dilute nitric acid on zine :— 


NO . 
10N0,Ho + Zn, = ON, + 4 Zno’ + 60H, 
Nitric acid. Nitrous oxide. Zincio Nitrate. Water. 


2. By heating ammonic nitrate :— 


NO,(N'H,0) = 20H, + ON, ~* 
Ammonio nitrate. Water. Nitrous oxide. 


NITRIC OXIDE. 


(80, or a0, 
Molecular weight =60. Molecular volume anomalous 
1 litre weighs 15 vrithe. 


Preparation.—By tho action of nitric acid upon mercury or 
copper :— 
NO, 
sCu + 8NO,Ho = 3, Cuoco’ + ‘'N’,O, + 40H8,. 
NO, 
Nitric acid. Cupric nitrate. Nitric oxide. Water. 
Reaction.— Unites directly with oxygen :— 
2'N",0, + O, = 2N’",0,: 
Nitric oxide. Nitrous anhydride. 


N’,O, + O, = ‘NO, 
Nitric ozide. : Nitric perozide. 
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NITRIC PEROXIDE. , 
{ ah or ‘Nv O.. 


Molecular weight =92. Molecular colume(T]to[11. 1 bitre 
weighs 28 to 46 crithe. Melts at —9°. Boils at 22°. 


Preparation —1. By the union of nitric oxide with oxygen 
(see above). 

9. By the action of nitric acid upon tin :— 

8n, + 20NO,Ho = Sn,0,Ho,, + 50H, + 10°N*,0,. 

Nitrio acid. Metastannic acid. Water. Nitric peroxide. 

Decomposition.—By the action of motallic hydrates and 
oxides it produces nitrites and nitrates :-— 
NO, + 20KH = NO,Ko + NOKo + ON, 


Nitric Potassic Potaasic Potnasic Water. 
Cy hydrate. nitrate, nitrite, 


COMPOUNDS CONTAINING NITROGEN, CHLO- 
RINE, AND OXYGEN. 


NITROUS OXYCHLORIDE, Ciloronttrouse Gas. 
NOC. 


Molecular weight =G5°5. Molecular volume (). 1 litre 
weighs 32°75 criths. Boils at 0°. 


A mixture of nitric and hydrochloric acids possesses the 
property of dissolving gold, and is therefore called aqua regia ; 
when heated it evolves chlorine and nitrous oxychloride :— 


NO,Ho + 8HCl = NOCL + 20H, + Cl, 
Nitric acid. Hydrochloric Nitrous Water. 
acid. oxychloride. 
= 9) 
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NITRIC DIOXY-TETRACHLORIDE, Chloronitric Gas. 
‘Niv.0,Cl.. * 
Prepared, together with nitrous oxychloride, by heating a 
mixture of nitric and hydrochloric acids :-— 


2N0.Ho + 6HC] = ‘N*.0,Cl + 40H, + C1, 
Nitric acid. Hydrochloric acid. Chloronitric gas. Water. 


NITRIC DIOXYCHLORIDE, Chloropernitric Gas. 
NO.CI. 


Preparation.—By mixing phosphoric oxytrichloride and 
plumbic nitrate :— 


NO 
81 Pbo" + 2PClO = P,O,Pbo”, + GNO,CI. 
NO, 
Plumbic nitrate. Phosphoric Triplumbio Nitric 

‘ oxytrichluride. diph sephate, diorychloride. 


COMPOUNDS OF NITROGEN WITH HYDROGEN. 


AMMONIA. 
NH 


Molecular weight =17. Molecular volume (1). 1 litre weighs 
85 criths. Fuses ai —75. Bole at ~88°5. 


Oceurrence.—In the atmosphere and in rain water in very 
minute quantities. 
Formation.— By the decay of anims] and vegetable matters 
containing nitrogen. 
Manufacture—By the destructive distillation of animal 
matter, as horn or bones, and of vegetable matter, as coal. 
Preparation.—By heating a mixture of lime and ammonic 
chloride (sal-ammoniac) :— 
2NH,.Cl + CaQ = CaCl, + 2NH, + O8,. 
Lime. 


Armmonic Caleic Ammonia. Water. 
chloride. chloride. 
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Reactions.—1. Decomposed by chlorine (see p. 62). 
2. Unites directly with acids, forming the ammonium salts in 
which the atomicity of nitrogen is ’ :— 


NW"H, + HCL = WHC. 
Hydrochloric acid. Ammonio chloride *. 


WH, + N’O,Ho = MNO,(N'H,O). 


Nitric acid. Ammonie nitrate ¢. 
ON"H, + 80,Ho, = 80,(N'H,O),. 
Sulphuric acid. Ammonic sulphate §. 
AMMONIUM. 
Nil, 
Ni: 


This monad radical has never been obtained in the free state ; 
but its compounds are perfectly analogous, in crystalline form 
and other properties, to those of potassium. These facta 
have induced some chemists to consider the group NIH, as a 
metal, to which they have given the name ammonium—an hypo- 
thesis which is considered to receive support from the production 
of an unstable amalgam of this radical. All the compounds of 
mercury with metals are found to possess metallic lustre ; and 
this is also the case with the amalgam of ammonium. It may 
be prepared by two different processes. 

1. If a solution of ammonic chloride be electrolyzed, the 
negative clectrode being mercury and the positive a platinum 


ropaeeeneendarim en pean cemmetemn dm ateetentmeatnnnenntaimnnanmemenememiametememtiammnemmmenmeaniniatid 


H H oO 
*H—N—H t n-x—o—4 
HO wou O 
H oO fF , 
} H-N—o-b_o_N—H 
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plate, the mercury is observed to swell up, owing to the forma- 
tion of a spengy metallic mass. 

2. By preparing an amalgam of potassium or of sodium, and 
pouring it into a slightly warmed solution of ammonie chloride, 
the amalgam is found to swell enormously, potassic or sodic 
ebloride being simultaneously formed : — 


| Hg,Na, + mNH,C] = Hg,(N‘H,),, + mNaCl. 
Sodio amalgam. Ammonic chloride. Ammonio amalgam. Bodic chloride: 


Ammonic amalgam rapidly decomposes into mercury, am- 
monia, and hydrogen, the ammonia and hydrogen being liberated 
in the proportions of 2NH, to H,:— 

2Hg,(N'H,),, = 2nHg + 2mNH, + mH, 
Ammonic arpalgam. Mercury. Ammonia. 

Ammonium plays the part of a compound monad radical ; and 

its salts are isomorphous with those of potassium; they are 


all volatile, unless the acid from which they are derived be 
fixed. 


COMPOUND OF NITROGEN WITH CHLORINE. 


NITROUS CHLORIDE. 
NCI, ? 


Preparation.—By the action of chlorine upon ammonic 

chloride : — 
WHC] + 38Cl = N'C)l + 4HCL 
Ammonic chloride. Nitrous chloride. Hydrochloric acid. 

The formula of this compound is not fixed with certainty: it 
may contain hydrogen ; and it is possible that the two com- 
pounds intermediate between ammonia and nitrous chloride 
may exist :— 

NH,, NH,Ci, NHCl, MNCl,. 
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COMPOUND OF NITROGEN WITH IODINE AND 
HYDROGEN. 


NITROUS HYDRODINIODIDE. 


Preparation.— By the action of ammonia on iodine a brown 
substance is obtained, which has the composition NHIJ,. It is 
formed according to the following equation :— 


8NH, + 21, = NHI, + 2NHI. 


Ammonia. Nitrous Ammonio 
hydrodiniodide. iodide. 


CHAPTER XIII. . 
HEXAD ELEMENTS. 
Section I. 
SULPHUR, §¥.,. 
Atomic weight =32. Molecular weight =G4. Molecular volume 
CT) af 1000°, but only one-third of thie at its botling- 
point. 1 litre of sulphur vapour weighs 32 criths. Rhom- 


boidal variety fuses at 114 ‘5 and boils at 445°. Atomicity 
"iv and“. Kvidence of atomicity :— 


Hydrosulphuric acid ............ 8'Tl,. 
Triethylsulphine iodide ......... Siv Et, 1. 
Sulphuric dioxydichloride...... S*0,Cl,. 

Sodic nitrosulphate ............ 8“ 0(NO),Nao,. 


Occurrence.—F ound in the free state in volcanic districts, 
and widely diffused in combination with metals and oxygen, as 
sulphides and sulphates. 

Manufactured from native sulphur, and from 


Tron pyrites  ..........s0ececeeee: FeS”,. 


Copper pyrites ...............-55 (FeCu)S",. 
Calcic oxysulphide............... Ca,0S". 
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Character.—Sulphur is capable of existing in several allo- 
tropic forms, of which the following are the most important :— 


Condition. Bpecific gravity. Behaviour with car- 


bonic disulphide. 

a. Octahedral ...... 2°05 Soluble. 

B. Prismatic ......... 1:98 Transformed into «. 
y. Plastic ............ 1:95 Insoluble. 

6. Powder ............ 1:95 Insoluble. 


When united exclusively with positive elements or radicals, 
sulphur is a.most invariably. a dyad ; and it is then the analogue 
of oxygen, as will be seen from the following formule :— 


Oxygen compounds ... OK,, OKH, CO,, COKo,, 
Sulphur compounds ... SK,, SKH, CS8”,, CS’Ks,. 


COMPOUNDS OF SULPHUR WITH POSITIVE 


ELEMENTS. 
Sulphuretted hydrogen ............ SH,. 
Hydrosulphyl oo... ‘3’, H,, or Hea,. 
Carbonic disulphide.................. Cs",. 


SULPHURETTED HYDROGEN, IHydrosulphuric Acid, 
Sulphhydrie Acid. 


SH, H—S—H. 


Molecular weight =34. Molecular volume). 1 litre weighs 


17 eriths. Solid at —85°'5. Liquid under a pressure of 
17 atmospheres at 10°. 


Oceurrence.—Evolved with other gases from volcanoes and 
fumaroles. Found also in hepatic mineral waters, and frequently 
in waters which contain both organic matters and sulphates. 

Preparation.—1. By direct union of its elements :— 


H, + S = SH, 


SULPHURETTED HYDROGEN. 78 | 


2. By the action of hydrochloric or dilute sulphuric acid on 
ferrous sulphide :— 


FeS" + 2HCl = SH, + FeC'i,. 


Ferrous Hydrochloric Bulphuretted Ferrous 
sulphide. acid. hydrogen. chloride. 
FeS" + 80,Ho, = SH, + 80,Feo". 
Ferrous Sulphuric Bulphure tted Ferrous 
sulphide, acid. hydrogen. sulphate. 


3. By the action of hydrochloric acid on antimonious euiymide 
with the aid of a gentle heat :— 


Sb.S", + GHC] = 38H, + 28bCi,. 
Antimonious Hydrochloric Sulpburetted Antimonious 
sulphide. } acid. hydrogen. chloride. 

Reactions.—1. It is immediately decomposed by chlorine, 
thus :— 


SH, + Cl = 2HCl + 8. 


2. It is alao rapidly decomposed by many metallic compounds 
rich in oxygen, such as ferric oxide :— 


FeO, + 38H, = 22FeS’ + S + 30KL, 
Ferric oxide. Sulphuretted Ferrous Water. 
hydrogen. sulphide. 
3. The sulphhydrates and sulphides of the metals are produced 
by the action of hydrosulphuric acid on the hydrates and 
oxides, thus :— 


OKH + SH, = SKH + OH, 


Potassic Salphuretted Potasaic Water. 
hydrate. hydrogen. sulphhydrate. 

BaHo, + 28H, = Balls, + 2011, 
Baric hydrate. Salpharetted Raric Water. 


hydrogen. sulphhydrate. 
OAg, + SH, = SAg, + OH,. 


Areeet hanna A on Water. 
CaO + SH, = GOuS” + OH, 
Balphuretted Water. 


hydrogen. exipbide. 
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ch arheoe a Hydric Persulphide. 
'S,'H,, or Hs,. 


H—S—S—H. 

Probable molecular weight =66. Sp. gr. 1°769. 

Preparation —By pouring a solution of calcic disulphide 
into hydrochloric acid :— . 

'3'Ca” +) «=62HCl 6 =O 'B'LH, «6+ CaCl, 

Caleic disulphide. = Hydrochloric acid. Hydrosulphyl. Calcic chloride. 

Cheracter.—Ilt is the analogue of hy droxyl in composition 
and functions. 


HYPO-SULPHUROUS HYDROSULPHATE. 
(Hs 
Sils, ors S" 
Hs 
Probable molecular wetght = 98. 


Preparation.— When a cold saturated solution of strychnine 
in alcohol is mixed with an alcoholic solution of yellow am- 
monic sulphide, a crystalline compound is formed containing 
C,, HLN,O,, HS, By the action of sulphuric acid upon this 
compound, hyposulphurous hydrosulphate is liberated as a 
yellow oily body. 


CARBONIC DISULPHIDE, Bisulphide of Carbon. 
Cs.. 
Molecular weight, =76. Molecular volume (7). 1 lttre of 
carbonic disulphide vapour weighs 38 criths. Specific gravity 
Of liquid 1:293. Boils at 46°6. 
Preparation.—1. By passing sulphur over strongly ignited 
charcoal :— 
Cc + 8S, = CS’, 
Carbonic 


disulphide. 
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2. By heating together charcoal and iron- or copper-py- 
rites :— 

C + 2F eS”, = Cs”, + 2F’eS”. 

Iron-pyrites, Carbonic Ferrous 
Ferric disulphide. disulphide. sulphide. 

Decompositions —1. Heated potassium burns in the vapour 
of carbonic disulphide, with formation of potassic sulphide and 
liberation of carbon :— 

cs”, + 2k, = 28K, + C. 
Carbonic disulphide. Potuasic sulphide. 

2. When brought into contact with a solution of an alkaline 
hydrate, carbonic disulphide is decomposed, a carbonate and a 
sulpho-varbonate being formed :— 
6COKH + 38Cs", = 2CS"Ks, + GObo, + 30H, 

Water. 


Potassic Carbonic Potassic Potassic 
hydrate. disulphide. aul pho- carbonate, carbonate. 


3. In contact with solutions of alkaline sulphides, carbonic 
disulphide also forms alkaline sulpho-carbouates :— 

SK, + Cs", = Cs Ks.. 
Potassic sulphide. Carbonic disulphide. — Potassiv sulphu-carbonate. 

4, When the vapour of carbonic disulphide is passed over 
heated calcic hydrate it is decomposed, carbonic anhydride and 
sulphuretted hydrogen being evolved :— . 

CS, + 2Callon, = 2CaO + CO, + 28H, 


Carbonio Calcic Calcic Carbonic Sulphuretted _ 
disulphide. hydrate. oxide. anhydride. hydrogen. ‘ 


in 


SULPHO-CARBONIC ACID. 
CS"Hs,. 
Preparation.— By the action of hydrochloric acid on ammonic 
sulpho-carbonate :— 
Cs"(NHS), + 2HCi CS"Hs, + 2NH,C1. 
Ammonio 


i ydrovhloric Sulpho-carbunic Armmonio 
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COMPOUNDS OF SULPHUR WITH OXYGEN AND 
HYDROXYL. 


In these compounds the sulphur is either a dyad, a tetrad, 
or a hexad. ; 


Hyposulphurous acid ...... SHo,. H—O—S—O—H 
Sulphurous anhydride ...... SO, 0-S=0 
O 
Sulphurous acid ............ SOHo,,. I 
H—O—S—O—H 
O 
Sulphuric anhydride......... &O,. ! 
O > :§ —O 
O 
Sulphuric acid. (Hydric d 
sulphate.) ..... aed 60,Ho,. ne ae 
O 
O O 
Nordhausen = sulphuric SO,Ho 4 il 
acid. (Dihydric at O . H—O—S—O—S—O—H 
sulphate.) ............ 80,Ho lH | 
O 
Ss 
I 
Thiosulphuric acid ......... 88"OHo,. H—O—S~O—H 
i 
O 
Oo 0 


Dithionic } se, 80,Ho iil 
acid | '8.0.Ho, or{ Sony H—O-S-S-0—H 


SULPHUROUS ANHYDRIDE. V7 


O O 
Serene 4 80O,Ho i i 
Trithionic acid. Sul- |, ? 
nya : S . H—O—S—S—S—O—H 
phodithionic acid) ... {5 ' ' 
O O 
O O 
Tetrathionic acid. ad | j 
(Disulphodithi- Q" : H—O—S—S—S—S—O—H 
onic acid.) ...... | li 
S0,Ho O O 
‘80,Ho O O 
Pentathionie acid. | 8” lj I 
( Trisulphodithi-< 8" . H—~—O—S—S—S—S—S—O~H 
onic acid.) ...... 8" if 
80,Ho O Oo 


HYPOSULPHUROUS ACID. 
Si{o,. 

Formation.—By the action of zine upon aqueous sulphurous 

acid :— 
SO Ho, + Zn = SHo, + ZnO, 
Sulphurous acid. *  Hyposulphurous acid. 

Reaction.— Absorbs free oxygen with avidity, producing sul- 

phurous acid :— 
SHo, + O = SOHo,. 


Hyposulphurous acid. Sulphurous acid. 


SULPHUROUS ANHYDRIDE. 
SO,,. 

Molecular weight ==64. Molecular volume (J). 1 litre weighs 
32 criths. Solidat —76°. Liquid under the pressure of two 
atmospheres at 7°. Boils at —8°. 

Occurrence.—1. As 9 volcanic product. 

2. In the air of towns. 

3. Evolved in the roasting of copper pyrites and other sul- 
phureous ores. 
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Preparation:—1. By the combustion of sulphur in air or in 


oxygen :— 
8 + 0, = SO.. 


2. By heating sulphuric acid with copper or mercury :-— 
280,1Io, + Cu = 80, + 80,Cuo” + 20H, 


Bulpharic avid. Bulphurous Cupric sulphate. Water. 
anhydride. 
280,.No, + He = 80, + SO,Hgo" + 208,. 
Bulphurio acid. Sulphurous Mcrcuric sulphate. Water. 


anhydride. 
3. By heating charcoal with sulphuric acid :—* 


28010, + C = 280, + CO, + 208, 
Sulphuric acid. Bulphurous Carbonic Water. 
anhydride. anhydride. 


4. By heating a mixture of about three parts by weight of 
sulphur (two atoms) with four of manganic oxide (one mole- 
cule) :— 


x 


+ MnO, = 80, + #£=%Mns”. 
Manganic vride. Sulphurous anhydride. Manganous sulphide. 
Reactions.—1. Dissolved by water, producing an acid liquid 

which, when cooled to 0°, deposits white cubical crystals of sul- 


phurous acid :— 
SO, + OH, = SONo,. 


Sulphurous anhydride. Water. Sulphurous acid. 


2. Sulphurous anhydride, when passed into solutions of the 
metallic hydrates, produces sulphites. If the sulphurous an- 
hydride be in excess, an acid sulphite is obtained :— 

OKH + S80, = SOHoKo. 
Potassic hydrate. «= Salphurous anhydride. Hydric potassic sulphite. 

3. If the metallic hydrate be in excess, 8 normal sulphite 

is formed, thus :—— 


20KH + 80, = SOKo, + O48, 


Potassic hydrate. = Sulphurous anhydride. ash e Water. 
sulphite. 


4. Sulphurous acid, when acted upon by metallic hydrates, 
produccs the same salts :— : 
OKH + SOHo, = SOHoKo + OA,: 
20KH + SOHo, = S8O0Ko, + 20H, 
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5. Sulphurous anhydride, when passed over motallie per- 
oxides, produces sulphates :— 


PbO, + SO, = _ SO0,Pbo". 


2 
Plumbic peroxide. Sulphurous anhydride. Plambic sulphate. 


Detection.—Sulphites are recognized by the pungent odour 
of sulphurous anhydride which they evolve on the addition of 
a strong acid, such as sulphuric acid :— 

SOKo, + 80,Ho, = SO,Ko, + 80, + OH, 


Potassic Bulphuric Potasaiv Rulphurous Water. 
sulphite. acid, _ sulphate. anhydride. 


When solutions of sulphites are mixed with solution of 
argentic nitrate, a white precipitate of argentic sulphite is 
formed :— 

SOKo + 2NO0.Ago = SBOAgo, + 2N0,Ko. 


Potasaic Argentic Argentic Potaanic 
sulphite. nitrate. sulphite. nitrate. 


When this argentic sulphite is boiled with water, it becomes 
black, owing to the separation of metallic silver :— 


SOAgo, + ON, = 80,Ho, + Ag, 
Argentie sulphite. Water. Bulphuric acid. 


SULPHURIC ANHYDRIDE. 
80,.° 
Molecular weight =80. Molecular volume [7 )}. 1 litre of 
sulphuric anhydride vapour weighs 40 criths. Fuses at 
24°°5. Boils at 52°°6. Sp. gr. 1°95. 
Preparation.—1. By passing a mixture of sulphurous anhy- 
dride and oxygen over ignited spongy platinum :— 


so, + O =. 80, 
Bulphurous anhyC ride. Sulphuric anhydride. 


2. By heating Nordhausen sulphuric acid :-— 
80, Ho . 
0) = SO, Ho, + SO0.. 


80,Ho 
Sulpharic acid. Bul phuric 


80 ' «SULPHURIC ACID. 


8. By heating the so-called anhydrous sodic bisulphate 
(disodic disulphate) :— 
80,Nao 
O = 80,Na,, + SO,. 
SO0,Nao 


Ash sodic bisulphate Sodic sulphate. Sulphuric 
( ic disulphate). anhydride. 


4. By heating sulphuric acid with phosphoric anhydride :— 
SO,Ho, + P.O, = 80, + #£42P0,Ho. 


Sulphuric Phosphorio Sulphuric | Meta-phosphoric 
acid, anhydride. anhydride. acid. 


SULPHURIC ACID. 
S0O,Ho,. 
Molecular weight =98. Molecular volume H+: Dissociation. 


1 litre of sulphuric acid vapour weighs 24°5 criths. Sp. 
gr. 1°85. Boils at 325°. 


Preparation.—1. By the spontancous oxidation of sulphur 
in the presence of water :— 


S + 80, + 20H, =  280,Ho, 


Water. B8ulphuric acid. 
2. By the action of hydroxyl upon sulphurous ashydride :— 
sO, + Ho, = SO_Ho,. 
Bulphurous anhydride. =H ydroryl. Sulphuric acid. 
3. By the exposure of a solution of sulphurous acid to air 
or oxygen :— 
SOHo, + 0) = S0,Ho,. 
Bulphurous acid. Sulpharic acid. 
4. By the addition of water to sulphuric anhydride :— 
SO, + OH, = S0,Ho,. 
Sulphuric’ - Water. Bulpharie 
5. By the action of nitric peroxide and oxygen on sulphurous 
anhydride and subsequent decomposition by water of the white 


SULPHURIC ACID. 8) 


crystalline compound thus produced (Briining and De la 
Provostaye) :— 


8O,(N*0,) 
280, + "NO, + O = O : 
80,(N°0,) 
Sulphurous Nitric White cryvtalline 
enhydride. perozide. compound, 
80,(N"Q,) 
O + 20H, = 280,Ho, + N,O,. 
80,(N*0,) 
White crystalline Water. Solphuric Nitrour 
compound *. acid. anhydride. 


In the manufacture of sulphuric acid on the large scale, the 
nitrous anhydride is again acted on by water and transformed 
into nitric acid and nitric oxide :-— 

3N,0, + OH, = 2NO,NWo + 2N",0,. 


Nitrous Water. Nitric acid. Nitric oxide. 
anhydride. 


The nitric oxide, by the action of oxygen, reproduces nitric 
peroxide, which is then ready to undergo the same processes a 
second time. The nitric acid is at the same time reduced to 
nitric peroxide by the action of sulphurous anhydmde :— 

SO, + 2NO No = 80,0, + ‘NO, 


Bulpharons Nitrie acid. Sulphuric Nitric 
anhydride. acid. peroxide. 


The crude sulphuric acid may be freed from traces of nitrous 
anhydride (which it always contains) by the addition of some 
ammonic sulphate :— 


80,(NH,O), + N,O, = 8O,Ho, + 3011, + N,. 


Ammonic salphate. Nitrous Salphurie Water. 
aahydride. acid. 
oO 0 0 0 
EE b § 
* N—S—O—S—N 
fof bo OS 
O O oO 0 
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SULPHATES. 


Character. —Sulphuric acid forms several classes of salts :— 


H tas 1. 
phate, | S0.KoH. 
Potassic sulphate... SO,Ko,,. 
Anhydrous sodic bi- ] SO,Nao 
mul phiate: (Disodic > O . Na— 
disulphate.) ...... SO,Nao 
Zincic eulphate ...... 80O,Zno 


Tetrabasic zincic sul- 
phate. 
sulphate.) 


eeeeevrior 


Hexabasic zincic sul- 
phate. (Tvizincic } BZno",. 
sulphate.) 


Cnc} SOZnv",. 


O 
l 
H—O—S—O—K 


O 
| 
K—O—S—O—K 
ll 
O 


voto a 
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Crystallized —_gyp- | 
sum. (Tetrakydric} SHo,Cao". Ca SC 
calcic sulphate.) ... O 


O 
| 
H 
H 
Gypsum dried at — Oy | 
100°. (Dihydrie $ SOHo,Cao". Cal -S==0 
calcic sulphate.)... O | 
Q 
| 
Hf 
O 
(iypsum dried at LO. || 
260°. (Calcic eul- } $O0,Cao". Cal, 
phate.) ............ oO" 7 
( 


THIOSULPHURIC ACID, Hyposulphurous Acid. 


SS"0OHo, (hypothetical). 
Preparation of Thiosulphates.—1. By boiling a solution of 
sodic sulphite with sulphur :— 
SONao, + 8S 8S" ONao,. 
Bodic sulphite. Sodic thiosulphate. 
2. By exposure of an alkaline persulphide to the air :— 
'S’,Ca" + O, = 8S"0Ca0". 


Calcic Calcio 
persulphide. thioeulphate. 


Reaction —The thiosulphates, when acted upon by acids, 
evolve sulphurous anhydride, whilst sulphur is precipitated :— 


SS8"ONao, + 2HCl = 2NaCl + OH, + 8 + SO, 


Bodie Hydrochloric Bodic Water. Capon 
hate, acid. chloride. anhydride. 
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DITHIONIC ACID, Hypoeulphuric Acid. 
'S',0 Ho, 


Preparation.—Powdered manganic oxide is suspended in 
water and a current of sulphurous .anbydride passed through 
the liquid, when the manganic oxide gradually dissolves. The 
solution contains manganous dithionate or hyposulphate :— 

MnO, + 280, = 'S',0,Mno’. 


Manganic Bel tiuroas Manganous 
oxide. anhydride. dithionate. 


This solution is next treated with baric sulphide, which pre- 
cipitates manganous sulphide; baric dithionate existing in the 
solution :— 

'8".0,.Mno” + BaS” = MnS" + = '8S*,0,Bao". 
Manganous dithionate. Baric sulphide. Manganous suiphide. Baric dithionate. 

By adding sulphuric acid to a solution of the baric dithio- 


nate, baric sulphate is precipitated and dithionic acid remains 
in solution :— | 


'8.0,Bao"” + 80,Ho, = SO,Bao” +. 'S',0,Ho,. 


Rarie Sulphuric Baric sulphate. Dithionie acid. 
Cithtonate. acid. 


TRITHIONIC ACID, Sulphodithionie Acid, 
Sulphuretsed Hyposulphurie Acid. 
j 80.Ho 
8” ; 
| SO,Ho 
Preparation.— By digesting hydric potassic sulphite with 
sulphur, potassie trithionate and potassic thiosulphate (Aypo- 
sulphite) are formed :— 
| S0,Ko 
Ss" 
| SO, Ko 


Hydric poreene Potaasic Potassic Water. 
eulphite. trithionate. thiosulphate. 


OBOKoHo + 28 = 2 + SS"OKo, + 30H, 
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The two salts so produced, when decomposed by hydrofluo- 
silicic acid, yield trithionic acid, sulphurous acid, and sul- 
phur:— 


S8O%Ko 
8S"0Ko, + 2; 8” + 3HSi*F, = 3K,Si*F, 


S0,Ko 
Potaaaic Potassic Hydrofluosiliaic Potassic 
thiosusphate. trithionate. acid. silioofluoride. 


8O,Ho 
+ 218" + 80lle, + 8. 
BO, Ho 


Trithionic acid. B8ulphurous 
acd, 


TETRATHIONIC ACID, Disulphodithionic Acid, 
Bisulphuretted Hyposulphuric Acid. 
80,Ho 
Ss" 
8" ° 
80. Ifo 
Preparation.— When iodine in added to baric thiosulphate 
(hyposulphite), baric iodide and baric tetrathionate are pro- 


duced :— 


80, 

S" 
28S"OBae” + I, = Bal, + gi" Bao". 

80,1 
Baric thioaulphate. Baric iodide. Baric tetrathionate. 


This salt, when decomposed by sulphuric acid, yields tetra- 
thionic acid. 


PENTATHIONIC ACID, Trisulphodithionie Acid, 
Trisulphuretted Hyposulphuric Acid. 
( aad 
s" 


SO,He 
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Preparation.—This acid is obtained by the action of hydro- 
sulphuric acid on sulphurous anhydride :-— 


S0O,Ho 

8" . 
58H, + 580, = <8" + 40H, + 8, 

SQ" 

80,Ho 
Sulphuretted Sulphurous Pentathionio acid. Water. 
hydrogen. anhydride. 

SELENIUM, Se,. 


Atomic weight =79. Molecular weight =158. Molecular vo- 
lume [JT]. 1 litre of selenium vapour weighe 79 criths. 
Sp. gr.43. Fuses a littte above 100°. Boils at about 700°. 
Atomicity", *, and *'. Evidence of atomicity :— 


Hydroselenic acid......... Se’ H.. 
Selenious chloride......... Se'v(‘l,. 
Selenic acid... ............ Se“'0, Ho,,. 


Oceurrence.—In small quantities in some mineral sulphides. 


COMPOUNDS OF SELENIUM WITH HYDROGEN 
AND CHLORINE. 


SELENIURETTED HYDROGEN, Hydroselenic Acid. 
SeH.,,. 
Molecular weight =81. Molecular volume (_j. llttre weighs 
40°5 erithe. 
Preparation.—By the action of hydrochloric acid upon fer- 
rous selenide :— 


FeSe’” + 2HC] = SeH, + FeCi,. 
Ferrous selenide. Pysrocteni® Byerecteet Ferrous chloride. 


Character.— Like hydrosulphuric acid, it produces previpi- 
tates in solutions of most of the heavy metals. 
There are two chlorides of selenium: ‘Se',Cl and ‘SeC).,. 
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COMPOUNDS OF SELENIUM WITH OXYGEN 
AND HYDROXYL. 


Selenious anhydride ......... Se0.. 
Selenious acid ............... SeOHo,. 
Selenic acid ...............0. Se0,Ho,. 


These bodies closely resemble the corresponding sulphur 
compounds. 
Selenious anhydride is formed by burning selenium tn oxy- 


gen :— 
Se, + 20, = 28e0,. 


Relenious 
anhydride. 

Selenious acid is formed by dissolving the anhydride in boil- 
ing water and crystallizing. 

Potassic seleniate is prepared by fusing selenium or metallic 
selenides with nitre. Theacid is obtained by transforming the 
potaasic salt into a plumbic salt, and subsequently decompo- 
sing the latter with hydrosulphuric acid. 


TELLURIUM, Te,. 


Atomic weight =128. Molecular weight =256. Sp. gr. 0:2. 
Fuses at 490°-500°. <Afomicity"”,‘*,and". Evidence of 


atomicity :-— 


Hydrotelluric acid............... Te''},. 
Tellurous chloride............... Te'Cl,. 
Telluric acid ..................66 Te'0,Ho,. 


This element is of even less importance than selenium, which 
it closely resembles. 
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The following compounds are known :— 
Hydrotelluric acid (telluretted hydrogen) ‘TeH,. 


Hypotellurous chloride ............-...+506 TeCi.. 
Tellurous chloride ...........0....cseeseveeee TeCl.. 
Tellurous anhydride.....................c00s .. BeO.,. 
Telluric anhydride .............0.sccceeceeees TeO,,. 
Tellurous acid ..........c..ceccceeseeereeeeeees TeOHo,? 
Vollurie seid i. i 2s ees icecedeccstaetectewss TeO,Ho,, 


CHAPTER XIV. 
MONAD ELEMENTS. 
Section II. (continued from Chap. VIII.). 
BROMINE, Br,. 


Atomic weight =&0. Molecular weight =160. Molecular vo- 

lume (T]. 1 litre of bromine vapour weighe 80 crithe. 

Sp. gr. 318. Fuses at —20°. Boils at 68°. Atomicity’. 
roidence of Atomicity :— 


Hydrobromie acid ............... HBr. 
Potassic bromide ............... KBr. 
Argentic bromide ............ .. AgBr. 


Occurrence.—In small quantities in some saline mineral 
waters. In sea-water, and the waters of the Dead Sea. 
Preparation.—1. By the treatment with chlorine, of the 
mother-liquors of saline waters containing bromides, and ex- 
tracting the liberated bromine by ether :— 
2KBr + Cl, = 2KCl +. Br, 
Potassio bromide. Potassic chloride. 
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2. By heating together sulphuric acid, sodic bromide, and 
manganic oxide :— 
2NaBr + MnO, + 280,Ho, = Br, 
Bodie bromide.  Manganicoride. Sulphuric acid. 
+80,Nao, + S8O,Mno" + 20H,. 
Sodic sulphate. Manganous sulphate. Water. 
Character.— Bromine unites with several metals directly, and 
with great energy. Antimony and arsenic burn in it with bril- 
liancy. 
At O° bromine combines with water, forming a crystalline 
compound, Br,, 100OH.,. 


HYDROBROMIC ACID. 
HBr. 

Molecular weight =81. Molecular volume (7). 1 litre of 
hydrobromic acid weighs 40'5 criths. Fuses at —73°, Boils 
at —69°. 

Preparation.—1. By passing a mixture of hydrogen and 
bromine vapour through a red-hot tube, or by burning hydro- 
gen in a mixture of bromine vapour and air :— 

H, + Br, = 2HBr. 


Hydrobromio 
acid, 


2 


2. By heating potassic bromide with phosphoric acid :— 
38KBr + POHo, = POKo, + SHBr. 


Potassic Phosphoric Potaasic Hydrobromiv 
bromide. acid. phosphate. acid. 

Sulphuric acid cannot be employed for this operation, as a 

portion of the hydrobromic acid is then decomposed, bromine 


being liberated :— 


SO,Ho, + 2HBr = Br, + 2081, + SO, 
Sulphuric acid. Hydrobromic Water. Sulphurous 
acid. anhydride, 


3. By the action of water upon phosphorous tribromide :— 


P''Br, + 80H, = P-OHHo, + 38HBr. 


Phosphorous Water. Phosphorous Hydrobromic 
ribsomide, ecid. srt 
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4. By gradually dropping bromine into water containing 
amorphous phosphorus :— 

P, + 8Br, + 60H, = 2P"°OHHo, + 6HBr. 


Water. Phosphorous Hydrobromic 
scid. acid. 


5. By passing sulphuretted hydrogen through water con- 
taining bromine :— 


28H, + 2Br, = 4HBr + §8, 
Bulphuretted Hydrobromic 
hydrogen. acid. 


Reactions.—1. Decomposed by chlorine with liberation of 
bromine :— 


2uBr + Cl, = 2HCl + Br, 


Hydrobromic Hydrochloric 
avid. acid. 


2. By the action of atmospheric oxygen a small quantity of 
bromine is liberated ; but the decomposition is soon arrested :— 
41IBr + ©, = 20H, + = 2Br,. 


Hydrobromic Water. Bromine. 
acid. 


3. In contact with metallic oxides, hydrates, and salts, bro- 
mides are formed. 


COMPOUNDS OF BROMINE WITH OXYGEN 
AND HYDROXYL. 


Hypobromous anhydride OBr,. 
Hypobromous acid ...... OBrH. 
OBr 
Bromic acid ............... {° : 
OH 
The graphic formule of these compounds are analogous to 
those of the corresponding chlorine compounds, given at page 46. 
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HYPOBROMOUS ANHYDRIDE. 
OBr,. 
Preparation.— By passing bromine vapour over dry mercuric 
oxide :— 
HgO + 2Br, = Hgbr, + OBr,. 


Mereuric Mercuric Hypobromous 
oxide. bromide. anhydride. 


HYPOBROMOUS ACID. 
OBrlIl. 


Preparation.—1. By passing hypobromous anhydride into 
water :— 
OBr, + OH, = 2OBrlII. 


Hypobromous Water. Hy pobromoun 
anhydride. acid, 


2. By agitating mercuric oxide with bromine-water :— 


Her 
oHgO + OH, + 2Br, = 2O0BrH +40. 
Hgbr 
Mercuric Water. Hypobromous Mercurie 
oxide. acid. orybromide. 


BROMIC ACID. 


{ Otte 


Preparation.— By acting upon a solution of baric bromate 
with sulphuric acid :— 
OBr 
O ” OBr ” 
— + 8SO0,Ho, = 2; 6H. + $0, Bao”. 


OBr 
Baric bromate. Bale — Bario 
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Reaction.—By boiling, bromic acid decomposes into water, 
bromine, and oxygen :— 


OB . 
4 Olle = 2Br, + 20H, + = 50,. 
Bromic xcid. Water. 


Preparation of bromates.—1. By adding bromine to a solu- 
tion of a metallic hydrate, and separating the bromate by crys- 
tallization :— 


GKHo + 3Br, = SKBr + { OK, + 30H, 


OKo 
Potassic Potassio Potassic Water. 
hydrate, bromide. bromate. 


2. By the action of potassic hydrate on bromine pentachlo- 
ride :— 


ObBr 

ayr q aah | on Reel 

6KHo + BrCl, = SKC] + { Oke + 30H, 
Poutasaic Bromine Potagaie Potassic Water. 
hydrate. pentarhluride, chloride. bromate. 


Character of bromates.—Some of the bromates when heated 
lose oxyyen, being transformed into bromides :-— 


>» fOBr : 

2{ OK = 2KBr + 30, 
Potaasic Potassic 
bromate. bromide. 


Others evolve bromine and a portion of their oxygen, leaving 
metallic oxides :— 


OBr 

O 
2< Mgo” = 2MgO + 2Br, + 50, 
O 

| OBr 

beenaee: reer 


IODINE, J.. 
Atomic weight =127. Afolecular weight =254. Molecular 
volume 1}. 1 litre of iodine vapour weighs 127 crithe. 
Sp. gr. 495. Fuses at 107°. Boils at 180°. <Atomicity '. 
Evidence of atomicity :— 


HYDRIODIC ACID. 93 


Hydriodic acid........ .......... HI. 
Potassic iodide.................. KI. 


Oceurrence.—In mineral springs, in sea-water, and in con- 
siderable quantities in sea-plants. 

Manufacture —Sea-weeda are burnt or carbonized in iron 
retorts, and the ash or charcoal is extracted with water. The 
liquid is evaporated, and, after a considerable quantity of sodic 
carbonate and chloride has crystallized out, the mother-liquor, 
which contains potassic iodide, is distilled with sulphuric acid 
and manganic oxide :— 

2KI+ MnO, +280,Ho,=80,Ko,+80,Mno" +1,+208,. 


Potassic Manganic Sulphuric Potaaare Manganoun Water 
iodide. — oxide. acid. Bulj inte. sulphate. 
Reactions.—1. Todine is separated from nearly all ita com- 
pounds by chlorine and bromine :— 


2K] + Cl = 2kcl + 1, 


Potaasiv Potaanic 
iodide. chlorate. 
OKI + Br, = 2KBr + 4, 
Potaasic Potasae 
iodide. bronude. 


2. Jodine unites directly with many metals. 


HYDRIODIC ACID. 
HI. 
Molecular weight =128. Molecular volume (Tj. 1 litre of 


At 


hydriodic acid weighs 64 criths. Fuses at —S5°. 


Preparation.—1. By passing iodine vapour and hydrogen 
through a red-hot tube or over spongy platinum gently heated: — 


H, + I, = 2HI. 


94 HYDRIODIC ACID. 


2. By the action of dilute sulphuric acid on baric iodide, or 
of phosphoric acid on any iodide :— 
Bal, + SO,Ho, = 2HI + 8SO,Bao”. 
Baric Sulphuric Hydriodic Baric 
iodide. acid. acid. sulphate. 
3. By decomposing phosphorous triiodide by water :— 


PI, + 80H, = POHHo, + 8HI. 


Phosphorous Water. Phosphorous Hydriodic 
triiodide. vasa acid, 


4. By heating together water, potassic iodide, iodine, and 
phosphorus :— : 


4KI + P, + SI, + SOH, = MHI + 2POHoKo,. 


Potaasic Water. Hydriodic Hydric di ic 
iodide. acid. phosp: 


5. A solution of hydriodic acid is obtained by passing sulphu- 
retted hydrogen through water in which iodine is suspended: — 
28H, + 21, = 4HI + Sz. 


Sulphuretted Hydriodic 
hydrogen. acid. 


Reactions.—1. Decomposed by chlorine and bromine, with 
liberation of iodine :— 


onl + Cl = 2HC). + I, 
Brone Hedroouone 


2HI + Br, = 2HBr + I, 
Hydriodic Hydrobromio 
acid. acid. 
2. It is gradually but completely decomposed by atmospheric 
oxygen ; the iodone, which at first remains dissolved in the 
hydriodic acid, is after a time deposited in crystals :— 


4HI + O, = 20H, + QI, 
fal Water. 
acid. 


8. With metallic oxides, hydrates, and some salts it forms 
iodides. Even argentic chloride is transformed by hydriodic 
acid into argentic iodide :— 

AgCl + HI =m Agl + HCI. 


aboae acid. eae . acid. 
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4, Hydriodic acid is rapidly decomposed by mercury, with 
liberation of hydrogen :— 
2HI + 2Hg = 'Hg’,I, + 4H, 


Hydriodic Mercurous 
acid. iodide, 


COMPOUNDS OF IODINE WITH OXYGEN AND 
HYDROXYL. 


lodic anhydride ............ O 


Todic acid ........ eee. 


oO. . 
OHo 

The graphic formule of these compounds are analogous to 
those of the corresponding chlorine compounds given at p. 46. 


Ol 
Periodic acid ............... 


{ 
. IODIC ANHYDRIDE. 


Ol 
O 
I,0,, or < O. 


O 
OI 
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Preparation.—By heating iodic acid to 170°, when it sepa- 
rates into iodic anhydride and water :— 


OI 
O 
OI ae 
21 Oitc = OH, + <0 
OI 
Todic acid. Todic anhydride. 


Reaction.— When strongly heated, it decomposes into iodine. 
and oxygen. 


' IODIC ACID. 
{ OI 
OHo° 
Preparation.—1. By the action of sulphuric acid upon baric 
iodate :-— 


Ol 
0 OI . 
< Bao" + S8SO,JHNo, = 2 + §0O,Bao”. 
O * OH 0 : 
, Ol 
Bariv' iodate. pela lodic acid. Baric sulphate. 


2. By oxidizing iodine with strong boiling nitrie acid :— 


UNO,Ho + I, = 2 | Site + 201, + 2N.0, + 'N"0,. 


Nitric avid. Todiec acid. Water. Nitrous Nitric 
anhydride. peroxide. 


3. By acting upon iodine and water with chlorine :— 


_ ,for 
+ GOI, + scl = 2| Otc + 10HCI. 
Water. Todic acid. H yerocnlants 


] 


Reactions.—1. In contact with hydriodic acid it forms water 
and iodine :— 
Ol SHI = 30H sl 
Olio: OR = a eae 
Todio acid. Hydriodio Water. 
acid. 
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2. It is reduced by many other deoxidizing agents. 

Preparation of Iodates.—1. By treating solutions of metallic 
hydrates with iodine, and separating the iodate by crystalliza- 
tion :— 


6KHo + 81, = 5KI + { Oko + 80H, 
Potanaic Potassio | Potassic Water. 
hydrate. iodide. iodate. 


2. By dissolving iodine in potassic hydrate and treating the 
mixture with chlorine :— 


12KHo + 1, + 5Cl, = 1WKC] + 2{ Oke + GOH, 
Potaasic Potassic Potaasic Water. 
hydrate. chloride. iodate. 


3. By heating together potassic chlorate and iodine :— 


ocl " OI 
IL + {Oko = Il + [Oko 
Potaasic Todine. Potaasic 
chlorate. monochloride. iodate. 


Character of Iodates.—Some of the iodates when heated split 
into iodides and oxygen, others into metallic oxides, iodine, and 
oxygen. 

Todic acid gives several well-defined anhydro-salts. 


PERIODIC ANHYDRIDE. 
OI 
O 


O 
I,0,, or< O- 
O 


lo 
(Ol 


Preparation.—By heating periodic acid to 160° :— 


Ol 
240 = JO, + OH,. 
OHo 


Periodic Periodic Water. 
acid. anhydride. 


98 FLUORINE. 


Reaction.— When heated it is decomposed into oxygen and 
iodic anhydride, and ultimately into iodine and oxygen. 


| PERIODIC ACID. 


OI 
{8 
OHo 


Preparation.—By decomposing plumbic periodate with sul- 
phuric acid :— 


Ol 

O 

O OI 

Poo" + 80,Ho, = 2,0 + 80,Pbo”. 

O OHo 

O 

OI 
Plumbic Sulphuric Periodic Plambic 
periodate, acid. acid. sulphate. 


Preparation of Periodates.—Sodic periodate may be prepared 
by passing chlorine through mixed solutions of sodic hydrate 
and sodic iodate :— 

Ol Ol | 
{| ONan + 2NaHo + Cl = 40 + OH, + 2NaCi. 
ONao 


Bodic Bodie Rodic Water. Sodic 
iodate. hydrate. periodate. chloride. 


FLUORINE, F.,,. 


Atoms weight =19. Molecular weight =38 (?). Molecular 
volume (1). 1 litre weighs 19 crithe (7). <Atomicity '. 
Evidence of atomicity :— : 

Hydrofluoric acid............... HF. 
Ocourrence.—I1n combination with metals in fluorspar, cryo- 
lite, apatite, and other minerals. Widely but sparsely diffused. 
Little is known of fluorine in the uncombined condition. 
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COMPOUND OF FLUORINE WITH HYDROGEN. 


HYDROFLUORIC ACID. 
HF. 


Molecular weight =20. Molecular volume (J. 1 litre weighs 
lOcriths. Boils at —19°-5. Sp. gr. of liquid ‘9875 at 18°. 
Preparation.—By heating calcic fluoride with sulphuric acid 
in a leaden or platinum vessel :— 
CaF, + SO.Ho, = 2HF + 80,Cao”. 


Calcic S8ulpharic Hydrofluoric Calcic 
fluoride. acid. avid. sulphate. 


yee ee me ee wee eee ts nee = 


CHAPTER XV. 
TETRAD ELEMENTS. 
Section 1. (Continued from Chapter XI.) 


SILICON, Silicium, Si. 
Atomic weight =28'5. Sp.gr.(graphitoidal) =2°49. Atomicity ". 
Evidence of atomicity :— 
Silicie chloride ............ SiC |.,. 
Silicic fluoride......... 2... Sif... 


Occurrence.—Silicon is one of the most widely diffused ele- 
ments. It is found,in combination with oxygen and metals, in 
a very large number of minerals. 

a. Amorphous Silicon. 

Preparation—1. By heating potassic silicofluoride with 
potassium :— 

SikK.F, + 2K, = Si + GKF. 
Potessic Potassic 
silicofiuoride. fluoride. 
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2. By heating sodium in a current of the vapour of silicic 
chloride :-— 
SiC] + 2Na, = Si + 4NaCl. 
Rilicic Sodic 
chloride. chloride. 
Reactions.—1. Silicon is dissolved by aqueous hydrofluoric 
acid, and converted into hydrofluosilicie acid :— 


Si + 6HF = SiH,F, + 2H, 
Hydrofluoric Hydroftuosilicio 
acid. wcid. 


2. When fused with potassic hydrate, or boiled in its solu- 
tion, it yields potassic silicate :— 


Si + 4KHo = SiKo, + 2H, 
Potassic Potassic 
hydrate. silicate. 


3. Heated in the air, it burns, producing silicic anhydride. 

B. Graphitoidal Silicon. 

Preparation —By fusing amorphous silicon with aluminium, 
and boiling the compound in hydrochloric or hydrofluoric acid, 
which dissolves the aluminium, leaving the silicon in the form 
of hexagonal plates with a metallic lustre. 

Character —May be heated to whiteness in oxygen without 
burning. 

Is gradually oxidized by a mixture of nitric and hydrofluoric 
acids. 

Is slowly attacked by fused potassic hydrate. 

y. Adamantine Silicon. 

Preparation.—1. By heating aluminium very strongly in a 
current of the vapour of silicic chloride. The aluminic chloride 
which is formed volatilizes, leaving the adamantine silicon he- 
hind :— 

88iC], + 2Al, = 2AI’.Cl, + Si, 
Bilicie Aluminic 
chloride. chloride. 


2. By fusing amorphous silicon. 
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SILICIC HYDRIDE. 


Sik.,. 

Molecular weiyht =32°5. 

Preparation.—1. By decomposing dilute sulphuric acid by 
a feeble electric current passing from electrodes of aluminium 
containing silicon, when the silicic hydrido is evolved at the 
negative pole. 

2. By decomposing magnesic silicide with hydrochloric 
acid :— . 

SiMe", + 4H1Cl = 2Mgtl, + SiH, 


Magnesic Hydrochloric Magnesic Riline 
aiide, awid, chloride. hydride. 


3. Both the above processes furnish silicic hydride mixed 
with much hydrogen ; but if ethylic silicoformate be placed in 
contact with sodium, it splits up into ethylic silicate and pure 
silicic hydride, the sodium remaining unaffected :--- 

4$8i1(C,H,0), = Sil, + 388i, 1,0),. 


Ethylic silicuformate Bilicic Ethylic silicate. 
hydride. 


Reactions. —1. Under reduced pressure or mixed with hy- 
drogen, inflames spontancously in air, producing water and 
silicic anhydride :— 

Sili, + 20, = siO, + 20II.,. 
Bilicic Bilicic Water. 
hydride. anhydride. 

2. Deconrposed by solution of potassic hydrate, yielding 
exactly four times its volume of hydrogen :— 

SiH, + 2KHo + OH, = SIOKo, + 4H,. 

Water 


Silicic hydride. Potassic ; Potassic 
hydrate. silicate. 


SILICIC CHLORIDE. 
SiC),. 
Molecular weight =170°5. Molecular volume (TJ. 1 litre 
weighs 85°25 crithe. Sp. gr. of liquid 1°52. Boils at 59°. 
Preparation.—1. By burning silicon in chlorine. 
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2. By heating a mixture of carbon and silicic anhydride in 
a stream of chlorine :— 
SiO, + 2C + 201, = SiC], + 2C0. 
Bilicio Bilicic Carbonic 
anhydride. chloride. oxide. 
Reaction.—By contact with water it produces silicic and hy- 
drochloric acids :-— 


SiC] + 40H, = SiHo, + 4HCL 
Bilicic Water. Bilicic Hydrochloric 
chloride. acid. acid. 


SILICIC HYDROTRICHLORIDE, Silicon Chloroform. 
SiHC!,. 


Molecular weight =136. Molecular volume (7). 1 litre 
weighs G8 criths. Boils at 36°. 


Preparation.—By heating crystallized silicon to dull redness 
in a current of hydrochloric acid gas :— 
Si + 3HCl = SiHC], + H, 
Hydro. sloric Silicic 
acid. hydrotrichloride. 
Reactions.—1. Is decomposed by chlorine at ordinary tem- 
peratures :— 
SiC], + Cl, = SiCl, + HCl. 
Bilicic Bilicio Hydrochloric 
hydrotrichloride. chloride. acid. 
2. By contact with water it is transformed into Disilicic 
hydrotrioxide, or Silicoformic anhydride :-— 


SiHO 
28iHCl, + 80H, = {0 + 6HCL. 
SiHO 
Water. goon early Hydrochloric 


Bilicic 
hydrotrichloride. acid. 
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e 


SILICIC BROMIDE. 
SiBr 


ie 
Molecular weight =3848°5. Sp. gr. 2'818 at 0°. Boile at 158°. 
Preparation.—By the same method as that employed for 
making the chloride, bromine vapour being substituted for chlo- 
rine. 
Reaction.—Decomposed by water in the same manner as the 
chloride. 


SILICIC IODIDE. 
Sil. 
Molecular weight =536°5. Molecular volume (1_\. Fuses at 
120°5. Boils in carbonic anhydride at 290°. 


Preparation.—By passing iodine vapour and carbonic anhy- 
dride over red-hot silicon. 
Reactions.—1. Decomposed by water into silicic and hydri- 
odic acids. 
2. By absolute alcohol it is decomposed, with production of 
silicic anhydride, ethylic iodide, and hydriodic acid :— 
Sil, + 2EtHo = SiO, + 2EtI + 2HI. 


Bilicic Aloohol. Bilicic Ethylic Hydriadie 
iodide. anhydride. iodide. acid. 


SILICIC FLUORIDE. 
SiF.. 
Molecular weight =104:5. Molecular volume (1). 1 litre 
weighs 52:25 crithe. Fusesat —140°C. Condensable gas. 
Preparation.—By heating together silicic anhydride, calcic 
fluoride, and sulphuric acid :— 
SiO, + 2CaF, + 280,Ho, = SIF, 


Bilicic Calcic Sulphuric Bilime 
anhydride. Suoride. acid. fluoride. 
+ 280Ho0,Cao”. 


Dibydric caloic gulphate. 
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Reaction.— By contact with water it produces silicic and 
hydrofluosilicic acids :— 


38iF, + 40H, = SiHo, + 2SiH,F,. 
Bilicic Water. Bilicie Hydrofiuosilicic 
fluoride. acid. acid. 


By contact with metallic oxides, hydrates, and salts, hydrofluo- 
silicic acid produces silicofluorides, some of which, as the potassic 
and baric compounds, are insoluble in water :— 

SiH,F, + 2KHo = SiK,F, + 20H, 


Hydrofiuosilicic Potassic Potassic Water. 
acid. hydrate. silioofluoride. 


COMPOUNDS OF SILICON WITH OXYGEN AND 
HYDROXYL. 


Silicic anhydride .............. SiO,. 
Silicic acid ..............00.080. SiHo, and SiOHo,,. 


Other Modifications of Silicie acid. 


8i,0,Ho, 8i,0,, Ho, 
S8i,0,Ho, 8i,0,Ho, 

8i,0,Ho, 8i,0,,Ho,. 
8i,0,Ho, 


SILICIC ANHYDRIDE. 
SiO, 
Molecular weight =60°5. Sp. gr. 2:69. 
Occurrence.—In the pure state in many minerals, as quartz, 


agate, &c. 
Prenoration.—Bvy heating asilicie acid ta 100°. 


BILICIC ACID. ~ 408 


SILICIC ACID. 
Tetrabasic... SiHo,. Dibasic... SiOHo,. 


Preparation —1. By treating a solution of a soluble, silicate 
with hydrochloric acid :— 


SiNao, + 4HCl = SiHo, + 4NaCl. 
Bodice Hydrochlorio Bilicic Sodio 
silicate. acid. acid, chlorido 


2. By passing a stream of carbonic anhydride through a 
solution of a soluble silicate :— 


SiNao, + 40H, + 4C0, = SiHo, + 4COHoNao. 


Bodic Water. Carbonic Bilicic Hydric sodic 
silicate. anhydride. acid. carbonate. 


A reaction similar to this is the cause of the disintegration 
of granitic rocks. 

3. By passing silicic fluoride through water. (See p. 104.) 

4, The bibasic silicic acid is said to be produced by the eva- 
poration #n vacuo at 16° of a solution of the tetrabasic acid in 
water. 

The acid prepared by the first three of the above processes 
has probably the formula SiHo, ; by drying in the air, a com- 
pound remaims containing 


Si,H,O, = 84,0,Ho,. 


This last acid, heated to 100°, Joses more water, being trans- 
formed into 


Si,H,0, = 8i,0,,Ho,. 


5. By the action of water on tetrethylic silicate, a compound 
is produced containing 


8i,H,O,, = 84,0,Ho,. 
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SILICATES. 


The soluble alkaline silicates may be prepared by fusing 
silicic anhydride, in the form of sand or flints, or insoluble 
natural silicates, with alkaline hydrates or carbonates. 

The silicates form a very important class of minerals. Tha 
following list contains a few examples :— 


Sand. ) 

Flint. 

eee YER OS licip anhydride wisncs Si0,. 
Opal. 

Chalcedony. 

Peridote Dimagnesic silicate ...... SiMgo",. 
Phenacite. Diglucinie silicate......... SiGlo",. 
Willemite.  Dizincic silicate............ SiZno’.. 
Zircon. Zirconic silicate............ SiZro'’. 


Enstatite. Monomagnesic silicate ... SiOMgo". 


SiNao, 
Yorke's Sodic silicate ..................... O 

SiNao, 

si——, 
Ophite (Noble Serpentine)............ .. O Mego’, 

gi__ 


Diopside. Culeic magnesic disilicate... &sCao"Mgo”. 
Tale. Tetramagnesic pentasilicate...... §1,0,Mgo",. 
SiHo,— 


Okenite. Tetrahydric calctc disilicate. O Cao”. 
SiHo— 


SILICATES. 107 


Serpentine. Dihydric trimagnesic disi- “io a 
WORE = ec ehowncas hex ccrmsd cea yustaciics SiHoMgo" 
Steatite. Trimagnesic tetrasilicate ...... Si.0,Mgo", 
SiHoMgo" 
Meerschaum. Tetrahydric dimagnesic Sits 
trigilicate oe. ceccccccccccesseseesens So 
SiHoMgo” 
Ser 
Pyrophyllite. Dihydric aluminic tetra. SiO > Ao¥. 
PRE CAEE coo lr vce Beaedvea easy oe SiO__ | 
SiOHo 
Anorthite. Aluminic calcic disilicate... $i, Al'"’,0O,)"Cao”. 
siO—- 
Labradorite. Aluminic calcic trisilicate iCao'- Alo¥. 
si0—— 
; eee ee §=— SEC a0” 
Grossularia. Aluminic tricalcic trisili SiCao"—Alov 
UE a se eects oat cada oa ae aw te ieee 8iCao'’— ; 
Emerald. Triglucinic aluminic ieee Si O AloviGlo” 
GORD scat Das sa ait cuentas Saere ° 
Si0— 
Chloropal. Ferric trisilicate ............ 8i0-F eo", 30H,, 
siO— 
Felspar. Orthose. Dipotassic alumi- Si oO Ko Alo 
nic hexasilicate ...........ccecceceecees oe 


SILICIC SULPHIDE. 
SiS". 
Preparation.—By passing the vapour of carbonic disulphide 
over silicic anhydride heated to redness :— 
S10, + CS’, = siS", + CO, 


Bilicic Carbonic Bilicio Carbonic 
anhvdride. disulphide. sulphide. anhydride. 
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Reaction.—By the action of water, hydrosulphuric acid is 
evolved, and the solution contains silicic acid :— 


SiS, + 40H, = SiHo, + 28H,. 
Bilicic Water. * Bilicic Bulphuretted 
sulphide. acid. hydrogen. 


TIN, Sn. 


Atomic weight =118. Molecular weight unknown. Sp. gr. 
7°28. Fuses at 228°. Atomicity " and **, also a pseudo-triad. 


The following are the names and probable formule of the 
principal compounds of this metal :— 


Stannous chloride ......... SnCl.. 
Stannic chloride ............ 8a(),. 
Stannous oxide............... 8n0. 
Stannic oxide or anhydride Sn0O,,. 
SnC! 
Distannous oxydichloride..¢Q . Cl--Sn—O—Sn—Cl 
Sn. 
Stannous hydrate............ Sniio, H—O—Sn—O—H 
O 
Stannic acid .................. Sn0Ho.. \ 
H—O—Sn—O—H 
Dipotassic stannite ......... Snko,. 
Dipotassic stannate......... SnOKo,, 40H,,. 
: ae aio Sn0 
Distannic trioxide ......... { sn0°: 6= / a= O 
or 
O 


S™ 
Stannous stannate ......... S&nOSno’. = ™ 
ra 
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(8nHo, 
O 


SnHo, 


Metastannic acid (dried at | O 
Sn0 
LOW) ohesnceatindsatetnas. O 


SnHo, 
O 
| SnHo, 

Snllo,Ko 

O 

Snifo, 

O 
Dipotassic metastannate ... — 

Snllo, 

O 

SnHo,Ko 
Stannous sulphide............ SnS". 
Stannic sulphide ............ SnS”.. 


: ae Sn"... s 
Distannic trisulphide ...... J on ps 
| Sn §S=Sn—Sn=S, 


or 


s™ 
Stannous sulphostannate... SmSSns”. S=Sn Sn 


Stannous sulphate ......... 80,Sn0". 8% Sn 


TITANIUM, Ti. 


Atomic weight =50. Molecular weight unknown. Sp. gr. 5:3. 
Atomicity " and **, also a pseudo-triad. 
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The following are the names and probable formule of the 
chief compounds of titanium :— 


Cl 
Titanic tetrachloride ...... TiC\,. oh —c1 
Cl 
Ci Cl 


Dititanic hexachloride ... { mcr ee ae 


| 
dd 
Titanous oxide............... TiO. Ti=O 


(Rutile, Anatase, Brook- 


Titanic oxide or anhydride 
| 0, 
NEG) cet he cate dew a te 


O 
Titanic acid... 0. we... TiO Ho,,. i 
M—O—Ti—O—H 
Titanic sulphide ......... TiS", 
Dititanie dinitride TaN’ N= Ti—TicN 
ss eeee THN’ ioachcal = 


N 
a4 i ~ 
Trititanic tetranitride......Ti,N'’, N2=Ti Ti Tis:N. 


ll 
N 
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CHAPTER XVI. 
PENTAD ELEMENTS. 

Srotion I. (Continued from Chapter XII.) 
PHOSPHORUS, P.. 


Atomic weight =31. Molecular weight =124. Molecular 
volume [7]. 1 Uitre of phosphorus vapour weighs 62 
criths. Sp. gr. 1°83. Fuses at 44-45°. Boils at 290°. 
Atomicity '" and*. Evidence of atomicity :— 


Phosphorous trihydride............... P''H,. 
Phosphorous trichloride ............ P'’Cl,. 
Phosphoric chloride .................. PrCl,. 
Phosphonic iodide ..................... PvH I. 


Occurrence.—In combination as a constituent of several 
minerals, and in small quantities in most rocks and soils. 

In plants, and in the brain, nerves, urine, and bones of 
animals. 

Manufacture.—Calcined bones or Sombrerite, both of which 
consist chiefly of calcic phosphate, are digesttd with sulphuric 
acid, by which the tricalcic diphosphate is converted into tetra- 
hydric calcic diphosphate :— 

P,0,Cao", + 280,Ho, = P,O,Ho,Cao” + 280,Ca0”. 
Tricalcic diphos- Sulphuric Tetrahydric calcic Calcic 
phate ( Bone-ash). acid, diphosphate. sulphate, 

The tetrahydric calcic phosphate is extracted with water 
from the calcic sulphate, evaporated, mixed with charcoal, dried 
and distilled, when phosphorus, carbonic oxide, and tricalcic 
diphosphate are produced :— 

BP.0,Cao” + CC, = P,O,Cao’", + 10CO + P.,. 
Caloic mete- 


Tricaleic Carbonic 
diphosphate. oxide, 
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AMORPHOUS PHOSPHORUS. Allotropic Phosphorus. Red 
Phosphorus. 
Obtained by heating common phosphorus to 230°-250° in 
close vessels. 
Neither the number nor the arrangement of the atoms in 
the molecule of this variety of phosphorus is known. 


COMPOUNDS OF PHOSPHORUS WITH 
HYDROGEN. 


Phosphorus forms three compounds with hydrogen. They 
cannot be obtained by the direct combination of their elements. 


Solid phosphoretted hydrogen ... | PP” 
Liquid ditto oo... 'P’_H,. 
Gaseous ditto .............0c ee PH,. 


GASEOUS PHOSPHORETTED HYDROGEN. 


PH 7 
; nba 


Molecular weight =34. Molecular volume). 1 litre weighs 
17 criths. 
Preparation.—1. By heating hypophosphorous acid :— 
2POH,Ho = PH, + POHo,. 
Hypophowhorows  Phosphoretted Phosphorie 
2. By heating phosphorous acid :— 


4POHHo, = PH, + 8POHo,. 
ee Pee ead. 
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8. By heating phosphorus with solution of sodic or potassic 
drate :-— 
30NaH + P, + 30H, = 3POH,Nao + PH,. 
Bodic Water. Bodie Phoaphoretted 
hydrate. hypophosphite. hydicgen. 
The gas prepared by this process contains free hydrogen and 
the vapour of liquid-phosphoretted hydrogen. 
Reactions.—1. By combustion in oxygen it yields phosphoric 
acid :— 
PH, + 20, = POH Oo,,. 
Phosphoretted Phoephoric 
hydrogen. acid. 
2. When passed through a solution of cupric sulphate, it 
causes a black precipitate of cupric phosphide :— 


2PH, + 380,Cuo” = PCu’, 380,Ho,. 


Phoaphoretted Cupric Cupric Bulphuric 
hydrogen. sulphate. phosphida. acid, 
3. When passed through a solution of argentic nitrate, me- 
tallic silver and nitric and phosphoric acida are formed :— 


PH, + SNO,Ago + 40H, = POHo, + 4Ag, + SNO,Ho. 


sires, lal ut Sr Water. Pheu hort pats 

4. It unites directly with hydriodic and hydrobromic acids 
when they are presented to it in the nascent state, forming 
compounds isomorphous with the corresponding substances in 
the nitrogen series :— 


PH, + 31, = PI, + 3HI; 
ra nam” a 


8PH, + 3HI = 3PHJ. 
pirves pace ss aa sd ia 


In this behaviour phosphoretted hydrogen bears a striking 
analogy to ammonia, although, unlike the latter compound, it 
does not unite with other acids. 
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LIQUID PHOSPHORETTED HYDROGEN. 


H H 
Pin, orfPE. bb 
. oft 
Molecular weight =66. Boils between 30° and 40°. 
Preparation.—By the action of water or very dilute hydro- 


chloric acid upon calcic phosphide, 'P”’,Ca’,, the gas evolved 
being transmitted through a freezing-mixture :— 


'P’.Ca", + 40H, = ‘PH, + 2Ca’Ho,. 

Caleic Water. Liquid phos- Calcie 

phosphide. aha hydrate. 
ydrogen. 


The calcic phosphide is prepared by passing the vapour of 

phosphorus over lime heated to redness :— 
14P + 14Cad0 = 2P,0,Ca0", + 5'P",Ca’,. 
Lime. Calcic Calcic 
pyrophosphate. phosphide. 

Reaction.— Decomposed by sunlight into solid and gaseous 

phosphoretted hydrogen :— 
SPM, = OPH, + = { pipe? 


Liquid phoapho- Gaseous phoapho- Solid phosphoretted 
retted hydrogen. retted hydrogen. ydrogen. 


SOLID PHOSPHORETTED HYDROGEN. 


{ P(P"'H)" » 
P(P’'"H)" 
Molecular weight =126 ? 

Preparation.—By dissolving calcic phosphide in concen- 
trated hydrochloric acid, or by the action of light upon the 
liquid phosphoretted hydrogen. 
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COMPOUNDS OF PHOSPHORUS W1TH 
CHLORINE. 


Phosphorus forms two compounds with chlorine :— 


Phosphorous trichloride .......... PCI,. 
Phosphoric chloride ............... PCl,. 


PHOSPHOROUS CHLORIDE. 


Cl 
PCl.. : 
Cl—P—Cl 
Molecular weight =137°5. Molecular volume . 1 litre of 


phosphorous trichloride vapour weighs 68°75 criths. Sp. gr. 
145. Borls at 74°. 


Preparation.— By the action of chlorine upon phosphorus :— 
P, + 3Cl, = 2PC\i,. 


Reaction.—By the action of water it yields hydrochloric 
and phosphorous acids :— 


PCl + 38OH, = 3HCl + POIIHo,. 
pic pore Water. By ueene Pear 


PHOSPHORIC CHLORIDE. 
Cl 
PCi,. o—P_o 
aa 
Cl Cl 
Molecular weight = 2085. Molecular volume [1] to H+} 
12 
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1 litre of phosphoric chloride weighs 52:1 to 104°25 erithe. 
Volatilizes below 100°. 
Preparation.—By the action of chlorine upon phosphorous 
trichloride :— 
PCI, + Cl, — PCl,. 


Phosphorous Phosphoric 
trichloride. chloride. 


Reactions.—1. By the action of an excess of water it pro- 
duces hydrochloric acid and phosphoric acid :— 
PC], + !OH, = SHC] + POHo,. 


Phosphoric Water. Hydrochloric Phosphoric 
chloride. acid. acid. 


2. When submitted to the action of aleohols and acids, the 
chlorides of the radicals of the alcohols and acids are obtained, 
thus :-— 


pair + PC, = { Ci, + HCl + POCI, 


CHI Ho CII.Ccl 
Ethylic Phosphoric Ethylic Hydrochloric Phosphoric 
alcohol. chloride. chloride. acid. orxytrichloride. 
Cll CHT 
| P ‘| = a 7 i. 
{ GOlfo a Oars cot; + HCl + POC, 
Acetic avid. Phoaphoric Aovtylic Hydrochloric Phosphoric 
chloride. chloride. avid. oxytrichloride. 


COMPOUND OF PHOSPHORUS WITH CHLORINE 
AND OXYGEN. 


PHOSPHORIC OXYTRICHLORIDE. 
Cl 


POCI,. obo 
b 


Molecular weight =158'5. Molecular volume (1). 1 litre of 
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phosphoric orytrichloride vapour weighs 76°75 criths. Sp. 
gr- 1:7. Botling-point 110°. 


- Preparation —1. By the action of a limited quantity of 
water on phosphoric chloride :— 

PCl + OH, = POC), + 2H. 

Phosphoric Water. Phosphoric Hydrochloric 
loride. oxytrichloride. acid. 
2. By passing oxygen through builing phosphorous trichlo- 
ride :— 
PC, + O = POC!,. 

"euchlorde. oryiriehloride. 
, 8. By heating phosphoric chloride with phosphoric anhy- 
dride :— 

P.O, + 38PCl, = SPOCI,. 


Phosphoric Phosphoric Phosphoric 
anhydride, chloride. oxvtrichloride. 


4. It 1s formed as u secondary product in the preparation of 
the chlorides of alcohol and acid radicals as above described 
(p. 116). 

Reactions —1. By contact with water it is transformed into 
hydrochloric and phosphoric acids :— 


POC] + 30H, = POHo, + 3HCL 
Phosphoric Water. Phosphoric Hydrochlorio 
oxytrichioride. acid, acid, 


2. By distillation with the salts of organic acids it yields 
the chloracids : — 


3{ Goi + POCI, g{CH, 4 pPoNao,. 


CONao | COC! 
Bodie Phosphoric Aortylic Sodio 
acetate. oxytrichloride. chloride. phusphate. 


COMPOUND OF PHCSPHORUS WITH CHLORINE 
AND SULPHUR. 


PHOSPHORIC SULPHOTRICHLORIDE. 
PS''Cl,. 
Molecular weight =169°5. Boils at 128°. 
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Preparation.—By the action of sulphuretted hydrogen upon 
phosphoric chloride :— 


PCL + SH, = PS’Cl, + 2HCI. 


Phosphoric Sulphuretted Phosphoric Hydrochloric 
chloride. hydrogen. sulphotelohloridé. acid. 


Reaction.—When boiled with sodic hydrate, it yields sodic 
chloride and trisodic sulphophosphate :— 


6ONaH + PS'Cl, = 8NaCl + PS’Nao, + 30H. 


Bodic Yhosvhon Bodic Trisodic Water. 
hydrate. sulphotrichloride. chloride. sulpho- 
phosphate. 


COMPOUNDS OF PHOSPHORUS WITH OXYGEN 
AND HYDROXYL. 


O O 
Phosphorous anhydride ... P,Q,. | I 
p—O—P 
O O 
It 
Phosphoric anhydride...... P.O,. p_o_P 
I 
O 
2 
{I 
Hypophosphorous acid ... POH,Ho. P—O—H 
oH 
0 


Phosphorous acid............ POHHo,. n—o—b—o_n 
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T 


Phosphoric acid H—O—P—O—H 
(tribasic) ... POHo,. 
ki 


O 


Metaphosphoric PO Ho yer 


acid (monobasic). 


O O 
: | | 
Pyrophosphoric H—O—P—O—P—O—H 
acid (tetra. } P,O,Ho,. | 
basic) ......... ° : 
H H 
Hexabasic phosphoric acid ............ P.O,Ho,. 
Sodium salt (Fleitmann and Henneberg) (/Zerasodsec tetra- 
phosphate) ............05 cece eee P.O, Nao,. 


Dodecabasic phosphoric acid ............ P,,0,,Ho,,. 
Sodium salt (Fleitmann and Henneberg) (Dodecasodic deca- 
phosphate) ......... ccc cece ee cce eens P,,O,,Nao,.. 
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PHOSPHOROUS ANHYDRIDE. 
P,O,. 
Molecular weight =110. 


Preparation.—By the slow oxidation of phosphorus in a 
gentle current of dry air. 

Reaction.—In contact with water it produces phosphorous 
acid :— 


P.O, + 80H, = 2POHHo,. 
Phosphorous Water. Phosphorous 
anhydride. acid. 


PHOSPHOROUS ACID. 
POHHo,. 
Molecular weight =82. 


Preparation.—1. By the action of water on phosphorous 
anhydride as above. 

2. By the slow oxidation of phosphorus in moist air. 

3. By the action of water upon phosphorous chloride (see 
p. 115). 

4. By passing chlorine through phosphorus under hot water. 

Reactions.—1. When heated, it yields phosphoric acid and 
phosphoretted hydrogen :— 


4POHHo, = 3POHo, + PH, 
Sasso pa znoepnone la 
2. It absorbs oxygen from the air, yielding phosphoric acid :— 


2POHHo, + O, = 2POHo,. 
Phosphorous acid. Phosphoric acid. 
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PHOSPHORIC ANHYDRIDE. 
P.O,. 
Molecular weight =142. 


Preparation.—By burning phosphorus in excess of dry air 
or oxygen. 
Reaction.—By contact with water it forms metaphosphoric 
acid :— 
P.O, + OH, = 2P0,Ho. 


Phosphoric Water. Metaphoaphoric 
anhydride. acid. 


METAPHOSPHORIC ACID. 
PO,Ho. 
Molecular weight =80. 


Preparation.—1. By dissolving phosphoric anhydride in 
water (see above). 
2. By heating phosphoric acid to redness :-— 
POHo, = PO,Hlo + OH,,. 


Phosphoric Metaphos- Wator. 
acid. phoric acid. 


Preparation of metaphosphates.—The metaphosphates may be 
produced— 
1. By igniting a dihydric phosphate with a fixed base :— 


POHo,Nao = PO,Nao + OIL,. 
Dihydrio ‘oodis Rodio Water. 
phosphate. metaphosphate. 


2. By igniting a monohydric phosphate which contains one 
atom of a volatile base :-— 


POHoNao(N'H,O) = PO,Nao + NH, + OH, 


Hydric sodic ammonic Sodic Acasa: Water. 
phosphate. metaphosphate. 


8. By igniting a dihydric pyrophosphate :— 


P,0,Ho,Nao, = 2P0,Nao + OH,,. 
Dibydric disodic Bodie Water. 
pyrophosphate. metaphosphate. 
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PYROPHOSPHORIC ACID. 
P,O,Ho,. 
Molecular weight =178. 


Preparation.—1. By decomposing plumbic pyrophosphate by 

hydrosulphuric acid :— 
P.0,Pbo", .+ 28H, = 2PbS" + P,0,Ho,. 
Plumbioc — ie amas Eyropbosphoric 

2. By heating tribasic phosphoric acid to 213°. 

Pyrophosphates are prepared by heating monohydric phos- 
phates containing two atoms of a monad metal :— 

2POHoNao, = P,O,Nao, + OH,,. 


Hydrio disodic Bodic Water. 
phosphate. pyrophosphate. 


PHOSPHORIC ACID, Tribasic Phosphoric Acid. 


POHo,. 
Molecular weight =98. 


Preparation.—1. By boiling a solution of phosphoric anby- 
dride or of metaphosphoric acid in water :— 


P.O, + 80H, = 2POHo,. 
= ee 
2. By the oxidation of amorphous phosphorus with nitric 
acid, and then boiling the product with water. 
8. By the action of water upon phosphoric chloride and 
phosphoric oxytrichloride (see pp. 116 and 117). 
4. By the combustion of phosphoretted hydrogen in air or 
oxygen :— 
PH, + 20, = POHo,. 
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5. By decomposing tricalcic diphosphate (bone-ash) with a 
large excess of sulphuric acid :— 


P,0,Cao”, + 880,Ho, + 6OH, = 2POHo, 
_Tricaloic Relpbarie Water. Phosnore 


+ 88Ho,Cao”. 


Gypaum. Tctrahydric 
calvic sulphate. 


Reaction — When heated to 218° it produces pyrophos- 
phoric acid :— 
2POHo, = P.0,Ho, + OH,,. 


Phosphoric Pyrophosphono Water. 
acid. = ecid. 


The phosphates are a numerous and important class of aalts. 
The following list contains some of the most interesting :— 


Common sodic aid 
(Hydric disodic phosphate) POHOoNao,, 120H,, 


Trisodic phosphate............... PONao,, 120H,, 
Hydricsodic potassic phosphate POHoNaoKo, OH,. 


Apatite (Francolite) ............ P,0,Cao’(7Ca"), 


Triple phosphate one POAmoMgo’, 


magnesic phosphate) ...... 
Vivianite yiiscdscsecioussn ances: P.0,Feo’,, 80H,,. 
Wavellite .......... eee ees P.0(‘Al",0,)";, 120H,. 
Pyromorphite..................... P,O,Pt 
VANADIUM, V,? 


Atomic weight =51°3. Probable molecular weight =205'2. 
Atomicity "and ’. Evidence of atomicity :— 


Vanadous chloride............... v"'Cil,. 
Vanadic oxychloride ............ w'0Ccl,. 
se 


Occurrence.—Sparingly in some lead- and iron-ores. 


124 ARSENIC. 


Preparation—By heating to bright redness vanadous 
chloride in a current of dry hydrogen. 


ovcl, + 38H, = V, + GHC. 
Vanadous chloride. Hydrochloric acid. 


The following list contains the names and formule of the 
remaining chief compounds of vanadium :— 


VCcl 

H dous chloride ......... {vor 

ypovanadous chloride vc. 
Hypovanadous oxide ............ V.0.. 
Hypovanadiec chloride ......... VCIl, or { al 
Vanadous oxide ...... ........... : 
Hypovanadic oxido............ 
Vanadic anhydride............... V.O,. 
Metavanadic acid ............... V0,Ho. 
Tribasic vanadic acid ............ VOHo, 
Pyrovanadic acid ............... V,0,Ho, 


ARSENIC, As,. 


* 
Atomic weight =75. Molecular weight =3800. Molecular 
volume (J). 1 litre of arsenic vapour weighs 150 crithe. 
Sp. gr. 5G to 5:9. Volatile at 180°. Atomicity '" and °. 
Evidence of atomicity :— 


Arseniuretted hydrogen ............ As’'H,. 
Arsenious chloride .................. As’’Cl,. 
Tetrethylarsonic chloride ......... As‘Et,Cl 


Occurrence.—Abundantly in nature, in various ores, and 
sometimes in the free state. In some mineral waters, and in 
the water and mud of many rivers. In coal-smoke, and con- 
sequently in the air of towns. 

Preparation.— By reducing, with charcoal, arsenious anby- 
dride, which is produced in the roasting of many ores :— 


AsO, + 3C = As, + 8Co. 
ie 


Carbonie 
anhydride. oxide. 
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COMPOUND OF ARSENIC WITH HYDROGEN. 


ARSENIURETTED HYDROGEN, Arsenious Hydride. 
AsH 


Molecular weight =78. Molecular volume[1_). 1 litre weighs 
39 criths. Boils at —40°. 


Preparation.—1. In the pure state by the action of eulpnune 
acid on an alloy of arsenic and zine :— 


As Zn", + 380,Ho, = 380,Zn0” + 2AsII,. 
Arsenious Sulphuric Zinnic Arncniuretted 
sincide. aid. sulphate. hydrogen. 


2. By the action of nascent hydrogen upon soluble arsenic 
compounds, as by the introduction of arsenious acid into an 
apparatus evolving hydrogen :— 


AsHo, + 3H, = Asti, + 30H,,. 
Arvenious Araeniuretted Water. 
acid. hydrogen. 


Reactions.—1. When burnt with free access of air, it gives 
water and arsenious anhydride :— 


2AsH, + 30, = AsO, + 80H, 
Arseniuretted Arsrenious Water. 
hydrogen. anhydride. 


2. When burnt with a limited supply of air, it yields water 
and free arsenic :— 


_ + 80, = As, + 6OH,. 
Arseniuretted Water. 
hydrogen. 
8. When exposed to a red heat, it is decomposed into arsenic 
and hydrogen. 
4. Passed through a solution of argentic nitrate, it yields 


126 ARSENIOUS CHLORIDE. 


& precipitate of metallic silver, arsenious and nitric acids re- 
maining in solution :— 
6NO,Ago + 80H, + AsH, = 6NO0,Ho 


Argentic nitrate. Water. ace Nitrio acid. 
+ AsHo, + 38Ag, 
Areenious acid. 


. COMPOUND OF ARSENIC WITH CHLORINE. 


ARSENIOUS CHLORIDE. 


Molecular weight =181:'5. Molecular volume [7]. 1 litre of 
arsentous chloride vapour weighs 90°75 criths. Sp‘ gr. 2205. 
Boils at 132°. 


Preparation —1. By the action of dry chlorine upon arse- 
nic :— 
As, + 38Cl, = 2AsCl, 


Arsenious 
chloride. 


2. By distilling arsenic with mercuric chloride (corrosive 
sublimate) :— 
As, + 6HgCl, = 3Hg'Cl, + 2AsCl, 


Mercuric Mercurous Arnenious 
chloride. chloride. chloride. 


8. By distilling sodic chloride, arsenious anhydride, and sul- 
phuric acid :— 

AsO, + 6NaCl + 680,Ho, = 2As(), 
Arsenious Bodic Sulphurio Arecnious 
ide. chloride. acid. . Chloride. 

+ 680,HoNao + 80H, 
Hydric sodic Water. 
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Reaction.— With excess of water it forms arsenious and 
hydrochloric acids :— 


AsCl, + 80H, = 8HCl + AsHo,. 
Arsenious Water. Hydrochlo- Areenions 
chloride. ric acid. acid. 


COMPOUNDS OF ARSENIO WITH OXYGEN AND 


HYDROXYL. 
Arsenious anhydride ............... (As,0,).- 
Arsenic anhydride .................. As, 0,. 
Arsenious acid...................0000 Asllo,. 

Arsenic acid... .........00..e.ccce ee eee AsOHo,. 
ARSENIOUS ANHYDRIDE, Arsenic, White Arsenic, White 
Oxide of Arsenic. 

° (As,O,),. 


Molecular weight = 396. Molecular volume (1). 1 Ktre 
of arsenious anhydride vapour weighs 198 criths. Sp. gr. 
3:7. 
Oceurrence.— Very rare in nature. 
Preparation.—1. By burning arsenic in air or oxygen. 
2. By roasting arsenical orcs in certain metallurgical opera- 
tions. 


ARSENIOUS ACID. 
AsHo,. 
Molecular weight =126. 
Only known in solution. 
Arsenious acid forms many unstable and difficultly crystal- 
lizable salts, of which the following are examples :— 
Dihydric potassic arsenite ( Fowler's 
GONGION) ices casper vcieeee iar snsieeess AsHo,Ko. 
Hydric cupric arsenite (Scheele's 
GTOEN) ec eecseccaccecsersereseeeecesces ABHOCu0”, 
Triargentic arsenite ...............-.- AsAgo,. 


128 ARSENIC ACID. 


A monobasic arsenious acid, AsOHo, corresponding to ni- 
trous acid, appears to exist, one of its compounds, AsO Amo, 
being known: Arscnious acid when boiled with cupric ace- 
tate yields Schweinfurt green, 3As,0,Cuo’, Cu(C,H,O,),. 


ARSENIC ANHYDRIDE. 
As.O,, 
Molecular weight =2380. 
Preparation.— By heating arsenic acid nearly to redness:— 


2AsOllo, = 30H, + AsO,. 
Arsenic acid. Water. Arsenic 
anhydride. 
ARSENIC ACID. 
AsOHo,. 


Molecular weight =142. 
Preparation.— By treating arscnious anhydride with nitric 
acid :— 
AsO, + 2N0,lTo + 20H, = 2As0Ho, + N,O,. 
Arsenious Nitric acid. Water. Arsenic acid. Nitrous 
anhydride. anhydride. 
Salts are known which are derived from three acids of the 
following formule# :— 


AsO, Ho, AsOHo,, As,0,Ho, 
Metarsenic acid. Arsenic acid. Pyrarsenio acid. 
corresponding corresponding corresponding 

to to to 
PO,Ho, POHo,, P.0,Ho,, 
a ae Eee 
and 
NO,Ho. 


Nitrio acid. 


SULPHIDES OF ARSENIC. lev 


OOMPOUNDS OF ARSENIC WITH SULPHUR AND 
HYDROSULPHYL. 
Bing ens { Ass" — ass’, 
Sulpharsenious anhydride (Arsenious 


BUIONIEE) Svissesbeseca gtereucosassuiges one 
Sulpharsenic anhydride (Arsenic =| As". 

PRA) see dees shaaaaw caassGew tonnes te 
Sulpharsenious acid ..................... AsHs, 
Sulpharsenic acid .............c0ceeseeeee AsS" Hx 


REAIGAR, Diarsenious Disulphide. 


‘As",S”,, or { pent ; 
Molecular weight =214. Sp. gr. 3'5. 
Occurrence.—Found native. 


Preparation.—By heating sulphur with arsenious anhy- 
dride :— 


S, + 2As0, = 380, + 2'As’,8”, 
Arsenious Sulphurous Realgar. 
anhydride. anhydride. 


SULPHARSENIOUS ANHYDRIDE, Areenious Sulphide, 
Orpiment. 
As,S".. 
Molecular weight =246. Sp. gr. 3'5. 
Occurrence.—Found native. 


Proparation.—By passing sulphuretted hydrogen through a 
solution of arsenious anbydride in hydrochloric acid :— 


2asCl, + 38H, = GHC] + As)", 
chloride. ye rade 2 acid. sulphide. 
vwnr.. ¥. 


ww 
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Reaction.—Arsenious sulphide dissolves in caustic alkali, 
producing an arsenite and a sulpharsenite :— 


As§8", + 4OKH = AsHoKo, + AsHsKs, + OH, 


Arsenious Potassio Hydric dipo- Sulphhydrio Water. 
sulphide, h athe tassic arsenite. disulph ic 
P ydrate vain anneal ; 


By the addition of an acid, the arsenious sulphide is repre- 
cipitated :— 
AsHoKo, + AsHsKs, + 4HCl = 4KCl 


Hydric dipotas- Sulphh drie Hydrochloric Potaesic 
ale arsenite. ai Ph io : acid. chloride. 
sulp nite. 
+ Ass", + 80H, 
Arsenious Water. 
sulphide. 


Prousitte is a native trisulphargentic sulpharsenite, AsAgs,. 


SULPHARSENIC ANHYDRIDE, Arsenic Sulphide. 
As.5",. 
Molecular weight =310. 


Preparation.—By fusing together arsenious sulphide and 
sulphur. Sulpharsenates may be obtained by passing sulphu- 
retted hydrogen through solutions of arsenates :— 


AsOHoNao, + 48H, = AsSHsNas, + 408,. 


H di i 5 
ydric sont ber a pone aie oles Water 
ANTIMONY, Sb,? 


Atomic weight 122. Probable molecular weight =488. Sp. 
gr. crystalline 6°7, amorphous 5°78. Fuses at 430°. Ato- 
micity "" and’. Evidence of atomicity :— 


_ Antimonious chloride ............ 8b’'Ci,. 
Antimonic tetretho-chloride 
(Tetrethyl-stibonic chloride). } malian uae 


Antimonic chloride ............... Sb'Cl.. 


ANTIMONY. 1G 


Occurrence.—To a small extent in the native state, Alloyed 
with metals in a few minerals. Sometimes in the form of 
oxide, but principally in the form of grey antimony ore or 
stibnite, which consists of antimonious sulphide. 


a. Crystalline Antimony. 
/ Preparation.—1. By fusing the native sulphide and intro- 
ducing metallic iron, which combines with the sulphur :-— 
8bS", + 8Fe = 8FeS’ + Sb,. 
Antimonious Ferrous 
eulphide. sulphide. 
2. The native sulphide is roasted in contact with the air, 
when it is partially converted into antimonious oxide :— 


28b,S", + 90, = 28b,0, + 080,. 
Antimonious Antimonious Suilpharons 
sulphide. oxide. anhydride. 

Tho roasted mineral is then fused with charcoal and sodic 
carbonate. The reaction takes place in two stagos: first, the 
remaining sulphide is converted into oxide by the sodic carbo- 
nate, and subsequently the oxide is reduced by the carbon :— 


1. &b,S", + 8CONaoc, = 3CO, + 38Na, + 8b,0,; 


Antimonious Bodie Carbonic Radio Aatimonious 
sulphide. carbonate. anbydride, sulphide, oxide. 
2 Bb.0, + 38C = 8CO + Bb, 
Antimoaious C) 
oxide. oxide. 


8. Antimony may be obtained in the pure condition by 
reducing, with charcoal, the oxide formed by the action of 
nitric acid upon crude antimony. 


B. Amorphous Antimony, 
Preparation.—By the electrolysis of a solution of tartar 
emetic in antimonious chloride. 


x2 
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COMPOUND OF ANTIMONY WITH HYDROG EN. 
ANTIMONIURETTED HYDROGEN, Antimonious Hydride. 
SbH,,. 

Molecular weight =125. 
’ This compound is unknown in the pure condition. 


y Preparation.—1. By the action of hydrochloric acid upon an 
alloy of zinc and antimony :— 

Sb.Zn", + 6HCl = 28bH, + 382n(Ci.. 
Antimonious Hydrochloric Antimonious inciec 
sincide. acid. hydride. ehloride. 

_ 2. By the action of nascent hydrogen evolved from zinc and 
sulphuric acid upon soluble antimony compounds. In both 
these reactions the antimonious hydride is always mixed with 
much hydrogen :— 

SbCl, + 8H, = SbH, + 8HCl. 
Antimonious Antimonious § Hydrochloric 
chloride. hydride. acid. 
Reactions.—1. When burnt in air or in oxygen, it yields 
water and antimonious oxide :— 
28bH, + 30, = Sb0O, + uta 


Antimonious datmoaisas 
hydride. oxide, 


2. When burnt with a limited supply of air the hydrogen 
only is oxidized, the antimony being deposited :— 


48bH, + 30, = Sb, + 60H. 
Antimonious Water. 
hydride. 


8. Decomposed into its elements, like arsenious hydride, 
when passed through a red-hot tube. 

4. When transmitted through a solution of argentic nitrate, 
it produces a precipitate of antimonious argentide, thus dif- 
fering from arsenious hydride (see p. 125) :— 

8NO0,Ago + SbH, = 8N0O,Ho + SbAg,. 
Nitric 


hydride, acid. " ergentide. 
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From the composition of this compound, and from that of 
some of its analogues, the composition of antimonious hydride 
is inferred. 


Antimonious hydride...............cecceeees SbH,,. 
Antimonious bromide ..................... SbBr,. 
Antimonious argentide ., .................: SbAg,. 
Antimonious ziucide ..................ece eee Sb, Zn",. 


Antimonious ethide. (Triethylstibine.) SbEt,. 
Antimonious amylide. (Triamyletibine.) SbAy,. 


COMPOUNDS OF ANTIMONY WITH CHLORINE. 


Antimonious chloride ............... SbCl. 
Antimonic chloride .............0.06. Sb). 


ANTIMONIOUS CHLORIDE. 
SbC',. 

Molecular weight 2285. Molecular volume). 1 litre of 
antimonious chloride vapowr wesghe 114°25 crithe. Fuses 
at 72°. Boils at 223°. 

Preparation.—1. By passing chlorine over excess of metallic 
antimony or antimonious sulphide, and purifying by distil- 
lation :— 

Sb, + 3Cl, = 28b(C\,. 


a 

c 

28b,8", + 9Cl, = 48bCl, + 3'8,,Cl,. 
Antimonious Antimonious Disulphur 
sulphide. chloride. dighloride. 


2. By dissolving antimonious sulphide in hydrochloric acid, 
or antimony in hydrochloric acid containing alittle nitric acid, 
evaporating and distilling the product :— 

Sb,S", + 6HCl = 38H, + 28bCi,. 


Antimonious Hydrochloric Sulphuretted Antimonious 
sulphide. acid. hydrogen. chloride. 
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Sb,+6HCl + 6NO,Ho = 28bCl, + GOH, + a'N",0, 
Hydrochlorig Wik Antimonious Woter, Nitrio 


8. By distilling antimony or antimonious sulphide with 
mercuric chloride :-— 


Sb, + 4HigCl, = 28bC], + ‘Sb”Hy", + ‘Heg’,Cl,. 


Mercurio astinoniana Dimercauric Mercurous 

chloride. chloride. diantimonide. chloride. 
Sb,8", + sgl, = 28bCl, + sHigs”. 
Antimonious Mercurio Antimonious Mercaric 
sulphide. chloride. chloride. sulphide. 


4. By distilling antimonious sulphate with sodic chloride :— 
B,0,Sbo"”", + 6NaCl = 28bC), + 880,Nao,. 


Antimonious Bodio Antimonious Sodic 
sulphate. chloride, chloride. sulphate. 


Reaction.— With water it produces antimonious oxychlo- 
ride :— 
SbCl], + OH, = 2HC!l + SbOCI. 


Antimonious Water. Hydrochloric Antimonious 
ohloride. acid. oxychloride. 


Long-continued action of water transforms this compound 
into antimonious oxide :— 


28pOCl + OH, = 2HCl + 8b,0... 
Antimonious Water. Hydrochloric Abitenaloes 
oxychloride. acid, oxide. 


- ANTIMONIC CHLORIDE. 
SbC",. 
Molecular weight =200'5. Fuses at 0°. 


Proparation.—1. By acting upon antimony with excess of 
chlorine :-— 
Sb, + 5Cl, = 2SbCl,. 
“alortde. 
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2. By passing chlorine over antimonious chloride, the lattor 
liquefies, producing antimonic chloride :— 
SbCl, + Cl, = sbCl,. 
Antimonious Antimonio ‘ 
chloride. chloride, 

Reactions.—1. With a small quantity of water it forms 
antimonic oxytrichloride, analogous to phosphoric oxytrichlo- 
ride 

SbCl, + OH, = SbOC!, + 2HCI. 


Antimonio Water. Antimonio Hydrochloric 
chloride, oxytrichloride. acid, 


2. An excess of water transforms antimonic chloride into 
orthantimonic acid or pyrantimonic acid, corresponding to 
pyrophosphoric acid :— 


SbCl, + 4011, = SbOllo, + SHCI: 


Antimonic Water. Orthantimonic Hydrochloric 
ohloridy. acid, acid. 


or 28bCl, + 7OH, = 8b,0,Ho, + 10HCI. 


Aa Water. a ect aaa HyAroshiarie 
3. By the action of sulphuretted hydrogen antimonic sul- 
photrichloride is formed :— 


SbCl, + SH, = SbS’Cl, + 2HCI. 
Antimonic Sulpharetted Antimonio Hydrochlorio* 
chloride. hydrogen. sulphotrichloride. acid. 


Antimonious bromide, SbBr,, resembles antimonious chloride ; 
it fuses at 90°, boils at 270°, and by the action of water is 
converted into the ozybromide, SbOBr. 

Antimonious iodide, Sb1,, when acted upon by water forms 
the oxytodide, ShOI. 

The corresponding fluoride, SbF, is said to exist and to be 
soluble in water without decomposition. 
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OXIDES AND ACIDS OF ANTIMONY. 


Antimonious oxide or anhydride............ Sb,0,,. 
Diantimonic tetroxide ............ csc eeeeee ‘Sb",0,. 
Antimonic anhydride ..........c0.csseeceeees Sb,0,,. 
Metantimonious acid] ...............:..60-... SbOHO. 
Orthantimonic acid ................s0s00e000 SbBOHO,? | 
Metantimonic acid ., ..........cccceseeseenes SbO,Ho. 
Pyrantimonic acid................sceesceseeeres Sb,0,Ho,. 


ANTIMONIOUS OXIDE, OR ANHYDRIDE. 
Sb,0,. 
Molecular weight = 292. 


Oceurrence.—In nature in the rare minerals valentinite and 
senarmontite. 


Preparation.—1. By burning antimony in air :— 
28b, + 80, = 28b,0,. 


Antimonious 
oxide. 


2. By pouring a solution of antimonious chloride in dilute 
hydrochloric acid into a boiling solution of sodic carbonate :— 
28bCi, + 800Nao, = 8b,0, + 800, + piece 
Antimonious Bodio Antimonious Carbonio 

chloride. carbonate. oxide. anbydride, chine. 

3. By heating metantimonious acid to the temperature of 
boiling water :— 


28b0Ho = OH, + S8b,0,. 
oo Water. Antimonious 
Reactions.—1. When heated to redness in the air, it burns 
like tinder, forming diantimonic tetroxide :— 
8b,0, + O = ‘Sb*,0.. 
Antimenions Disatimonic 


METANTIMONLOUS ACID. 187 ' 


2. Readily reduced to the metallic state by ignition with 

charcoal, hydrogen, &c. | 

8b.0, + C, = Sb, + 800. 

Antimonioas Carbonic 

oxide. oxide. 

Sb,0O, + 3H, Sb, + 380H,. 

Antimonious Water. 
oxide. = 


- 8. Readily dissolved by a hot solution of hydric potassic tar- 


trate (cream of tartar), lace | potassic antimonylic tartrate 
(tartar emetic) :— 


or gagre) 

0 6] 

2) OHH. + 8b,0, = 2) oHIo + OH, 
COKo COKo 

pote remo Anieoioos pe ees Water. 
of tartar). emetic). 


4. Dissolved by hydrochloric acid, forming antimonious 
chloride :— 


Sb,0, + GHC] = 28bCl, + 30H, 
Antimonious Hydrochloric Antimonious Water. 
oxide. acid, chloride, 


METANTIMONIOUS ACID. 


SbOHo.° 
Molecular weight =155. 


Preparation.—By pouring a solution of antimonious chloride 
into a cold solution of sodic carbonate :— 


28bCl, + 3CONao, + OH, = 28b0Ho 
Antimonious Bodie 


Water. Metantimonious 
chloride. carbonate, acid, 


+ 800, + 6NaCl. 
Carbouic 


Bodie 
anhwdrida. chloride. 
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_ Reactions.—1. Decomposed by heat (page 186). 
2. Readily dissolved by alkaline hydrates, producing ill- 
defined antimonites. 


DIANTIMONIC TETROXIDE. 
Sb 
{ spo: = ‘Sbi".0, 


Molecular weight =308. 


Occurrence.—Found native as cervantite. 

Preparation.—1l. By igniting antimonic oxide, or the white 
solid produced by the action of nitric acid upon metallic anti- 
mony :—. 

28b,0, = 2Sbi.0, + O.. 
Antimonic Diantimonic 


oxide. tetroxide. 


2. By heating antimonious oxide in contact with the air :— 
28b,0, + O, = 28bi-0,. 


Antimonious Diantimonic 
oxide. tetroxide. 


ANTIMONIC ANHYDRIDE. 
Sb.0,. 
Molecular weight =824. Sp. gr. 66. 
Preparation.—By gently heating the corresponding acids :— 
28bOHo, = Sb,0, + 80H,,. 
Orthantimonic Antimonio Water. 
acid. anhydride. 
28b0,Ho = Sb,0O, + OH, 
imat Water. 


Mebantimonic Antimani 
odd. anhydride. 


METANTIMONIOC ACID. 


$b,0,Ho, = Sb,0, + 20H, 
rete kee 
Reactions.—1. When heated, it is decomposed into dianti- 
monlc tetroxide and oxygen (see page 188). 
2. Fused with potassic carbonate, it produces potassic mot- 


intimoniate :-— 
Sb,0, + COKo, = 28b0,Ko + CO, 
Antimonio Potaseic i 
anhydride. 


tasnic Carbonic 
carbonate. metantimonate. anhydride. 


ORTHANTIMONIC ACID? 
SbOHo, ? 


Preparation.—BSaid to be formed by the action of water upon 
sntimonic chloride (see p. 135). 


METANTIMONIC ACID. 
Sb0, Io. 


| Preparation —1. By tho action of nitric acid containing a 
ittle hydrochloric acid on metallic antimony :-— 


Sb, + 4NO,Ho = 28b0,1lo + NO, 
Nitric acid. Metantimonic Nitrous 
acid. anhydride, 


+ ‘NO, + ON, 
Nitele oxide. Water. 


2. By the spontaneous dehydration of orthantimonic acid, or 
of pyrantimonic acid :— 


SbOHo, = OH, 


+ sb0,Ho; 
Orthantimonic Water. Metantimonic 
acid. acid. 
Sb,0,Ho, = OH, + 28b0,Ho. 

Pyrantimonic 


Water. Metantimonic 
acid. acid. 


140 PYRANTIMONIC ACID. 


Reaction.—By the action of alkaline hydrates it produces 
either metantimonates or orthantimonates :— 


Sb0O,.Ho + OKH = S8bO,Ko + OH,; 


Metantimonic Potaasic Potassio 
acid. 


Water. 
hydrate. metentimonate. 
Sb0O,Ho + OKH = SsbOHo.Ko. 
mec = Fyimc "alan 


PYRANTIMONIC ACID, Parantimoniec Acid. 
(Metantimonic acid of Frémy.) 
Sb,0,Ho,. 
Preparation.—By acidifying solutions of pyrantimonates :— 
Sb,0,Ho,Ko, + 2HCl = &b,0,Ho, 


+ 2KCl. 
Dik dipotassi Hydrochloric Pyrantimonic Potassi 
Pealateie ? acid. . acid. chioride 


Dihydric dipotassic pyrantimonate is prepared by fusing an- 
timonic anhydride with excess of potassic hydrate, and extract- 
ing the mass with water, when an alkaline solution containing 
dihydric dipotassic pyrantimonate Sb,O,Ho,Ko, is formed. 
This solution produces precipitates in solutions of sodium 


salts, the sodic pyrantimonate thus formed containing 
Sb,0,Ho,Nao,, 6OH,,. 


COMPOUND OF ANTIMONY WITH OXYGEN 
AND SULPHUR. 


ANTIMONIOUS OXYDISULPHIDE. 


Sb8" 
O  =8b,8",0. 
Sbs" 


Molecular weight =824. 


Occurs as a rare mineral known as red antimony. 
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COMPOUNDS OF ANTIMONY AND SULPHUR. 


| Antimonious sulphide ............... Sb,S".. 
Antimonic sulphide.................. Sb,S",. 


ANTIMONIOUS SULPHIDE, Sulphantimonious Anhydride. 
&b,S",. 
Molecular weight =340. 
Occurrence.—In nature as stibnite or grey antimony ore. 
Preparation.—1. By heating together antimony and sulphur, 
or antimonious oxide and sulphur, in the proper proportions :— 
28b, + 35, = 28b,8",. 


Antimonious 


phido. 
28b,0, + 8S, = 28b8", + 880, 

* Antimonious Antimonious Balphurous 
oxide. sulphide. ydride. 


2. By passing sulpburetted hydrogen through a solution of 
antimonious chloride :— 


28bCl, + 88H, = 8b", + 6HCI. 
Antimonious Salpharetted Antimonious Hydroehlorio 
chloride. hydrogen. sulphide. acid, 


Reactions.—1. Decomposed by hot hydrochloric acid (see 
p. 133). 


2. Soluble with decomposition in solutions of alkaline hy- 
drates :— 


Sb,S", + 6GKHo m= SbKs, + SbKo, + 308, 
asumerte Pale Timinhepoamie Teens Water 

Addition of an acid reproduces and precipitates the antimo- 
nious sulphide :— 


SbKs, + SbKo, + GHC] = 8b,8", + 6KCl + 80H,, 
Trisalpho- ph narserod pias Antino- — Water. 


stiphent- exipbide, 


moanite. 
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8. Soluble in alkaline sulphhydrates :— 
Sb8", + 6KHs = 28bKs, + 88H. 


Antimonious Potaasic Trigulph cchaaala Sulphuretted 
sulphide. sulph- phanti hydrogen. 
hydrate. acu te. 
SULPHANTIMONITES. 


Many sulphantimonites occur in nature :— 


Orthosulphantimonites. _ 
General formula :—8bMs, and Sb,Me",. 


Dark-red silver. Zrisulphargentic sulphan- 


VIMAONGE nie Di Tota bytes decane auto ees SbAgs,. 
Boulangerite. Drisulphoplumbic sulphan- 
LEMONIEE: ovescecncsenensnencdncmuasadaaucudcen Sb, Pbs’,. 


Bournonite. Disulphoplumbic sulphocu- 
prous eulphantimonite ..................... Sb,Pbsa",(Cu,S",)". 


Metasulphantimonites. 
General formula :—SbS'Ms and Sb,S",Ma”. 


Miargyrite. Sulphargentie metasulphan- 


ELMONUE. oapekcckairacciicieadsiiecseens eee SbS" Ags. | 
Zinkenite. Sulphoplumbic metasulphanti- 

GHOSE ili case Scorn cee rena atic tke anes angenye Sb.S" Pbs”. 
Antimony copper glance. Sulphocuprous 

metasulphantimonile ..........c.c0ccee seve Sb_S",(Cu,8",)”. 
Berthierite. Sulphoferrous metasulphan- 

oO RuaveRiaulcudastaatins Sb,S" Fee’. 


Pyrosulphantimonites. 
General formule :—S8b,S'"Ma, and Sb;S8"Ms",. 
Feather ore. Sulphoplumbic pyrosulphan- 
PUMONGEE 5555 saecceasenetaasintassantinaeieas Sb,8"Pbs”,. 
Fahl ore. Sulphocuprosoferrous pyrosulph- 
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ANTIMONIC SULPHIDE, Sulphantimonic Anhydride. 
Sb,S".. 
Molecular weight = 404. 


Preparation.—1. By passing sulphuretted hydrogen through 
a solution of antimonic chloride :— 


2SbCl, + 58H, = 8b,8", + 10HCI. 
Antimonic Bulphuretted Antimonic Hydrochloric 
chloride. hydrogen. . aulphide. acid. 
2. By tho addition of an acid to a solution of a sulphanti- 
monate :— 


OSbS"Nas, + GHC] = &bS", + GNaCl + 38il, 


Trisulphosodic Hydro- Antimonio Rodic Sulphu- 
salphantimonate. chlorio sulphide. chloride. te’ 


acid. hydrogen. 
Reactions.~-1.-Decomposed by boiling hydrochloric acid, into 
antimonious chloride, sulphurctted hydrogen, and sulphur :— 


SbS", + CHCl = 2SbCl, + 381, + 4, 


a 
Antimonic Bere: Antimonious Kulphu- 
sulphide. rt chloride, _ Potted 


2. Soluble in solutions of alkaline sulphides :— 
Sb.8", + 38K, = 28bS'Ka,. 


Antimonic Potaasic Trisulphopotassic 
walphide. sulphide. sulphantimonate. 
3. Soluble in solutions of alkaline hydrates :— 


48,8", + 240KH = 38b0Ko, + 58bS"Ks, + 120H,. 


Antimonic Potasaic Tripotassic Trisul phopotaasic Water. 
sulphide. hydrate. antimonate * sulphanti- , 
monale 
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BISMUTH, Bi,? 
Atomic weight 208. Sp. gr.9'88. Fuses at 265°. <Atomicity 
and”. Evidence of atomicity :— 


Bismuthous chloride ............ Bi'’Cl,. 
Bismuthous oxide .................. Bi’"0,. 
Bismuthous ethide ............... Bi'’Et,. 
Bismuthous dichlorethide......... Bi'’EtCl,. 
Bismuthic anbydride............... Biv,O,. 


Occurrence.—Principally in the metallic state in nature. 

Preparation —1. On a large scale by fusion and separation 
from earthy impurities. 

2. It may be obtained in the pure state by dissolving com- 
mercial bismuth in nitric acid, precipitating the basic nitrate 
by addition of water, and reducing the precipitate by ignition 
with charcoal. 

No compound of bismuth with hydrogen is known. 


COMPOUND OF BISMUTH WITH OHLORINE. 
“ BISMUTHOUS CHLORIDE. 
BiC),. 
Molecular weight =814°5. Molecular volume [T}. 1 litre of 
biemuthous chloride vapour weighs 157:25 crithe. 
Preparation.—1. By passing dry chlorine over metallic. bis- 
muth :-— 
Bi, +. 8Cl, = 2BiCl,. 
Bismuthous 
_ chloride. 
2. By evaporating a solution of bismuth in hydrochloric acid 
containing a little nitric acid and distilling. 
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3. By distilling metallic bismuth with mercuric chloride :— 
Bi, + GHigCl, = 2BiCil, + 33ig’,Cl,. 


Mercurio Bismuthous Mercurous 
ohjoride. chloride. chioride. 


Reaction.—By the addition of water it is decomposed, form- 
ing bismuthous oxychloride :— 
Bicl, + OH, = BiOC]l + 2HCI. 


, Bismuthous Water. Bismathous Hydrochlo- 
chloride. oxychloride. Fic acid. 


The following compounds are also known :— 


Bismuthous bromide ............... BiBr,. 
Bismuthous iodide .................: Bil,. 
Bismuthous fluoride ............... Bif,. 
Bismuthous oxybromide ......... BiOB: 
Bismuthous oxyiodido ............ Biol. 


Dibismuthous tetrachloride...... { 


COMPOUNDS OF BISMUTH WITH OXYGEN 
AND HYDROXYL. 


ma iets BiO. 
Dibismuthous dioxide ............ eas 
Bismuthous oxide .................. Bi O,. 
Dibismuthic tetroxide ............ ‘Bi'’,O,. 
Bismuthic anhydride ............... Bi,O,. 
Bismuthous oxyhydrate, or meta- 

bismuthous acid................4 BiOHo. 
Metabismuthic acid ............... BiO,Ho 
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BISMUTHOUS OXIDE. 
B10, 


Molecular weight =464. Sp. gr. 8:2. 


Occurrence.—As the rare mineral biemuth ochre. 
Preparation.—1. By burning bismuth in air or oxygen. 
2. By heating the nitrate, carbonate, or hydrate :— 


ON.0,Bio” = BiO, + 38N,0, + 380,. 


Bismuthous Biamuthous Nitrous 
nitrate. oxide. anhydride. 
-9N0,(Bi'"Ho,0) = BLO, + 200, + N,0, + 0,. 
Bisnuthous nitrate Bismuthous Water. Nitrous 
dihydrate. oxide, anhydride. 
? ; 
‘COGio,), = BLO, + CO, 
Bismuthylic Biamnuthous Carbonic 
carbonate. oxide. anhydride. 
2BiOHo = BiO, + OH, 
Bismuthous Bismuthous Water. 
oxyhydrate. oxide, 


3. By boiling bismuthous hydrate in solution of potassic hy: 
drate, whereby it is converted into bismuthous oxide with loss 


of water. 
Reactions.—Dissolved by hydrochloric, nitric, and sulphuric 
acids, forming the bismuthous chloride, nitrate, and sul. 


phate :— 


Bic),. N,0,Bio"”. 8.0,Bio’’,. 
Biemuthous Bismuthous Bismuthous 
chloride. nitrate. sulphate. 


BISMUTHOUS OXYHYDRATE, Metabismuthoue Acid. 
Bi0Ho. 
Preparation—By pouring a solution of bismuthous nitrat 
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in dilute nitric acid into dilute ammonia or potassic hydrate, 
and drying the precipitate, which, at first, probably contains 
orthobismuthous acid :— 


N,O,Bio” + 8OKH = BiHo, + 8NO,Ko. 
Biemuthous Potassic Orthobismuthous Potassio 
nitrate. hydrate. acid. nitrate, 


Billo, = BiOHo + OH,. 
Orthobiemuthous Metabismuthous Weter. 
acid. acid. . 


Reaction.—By heat or by boiling with caustic alkali, wator 
is expelled, and bismuthous oxide formed (see p. 146). 

An unstable metabismuthite ig produced by fusing biemu- 
thous oxide with sodic carbonate :— 


BiO, + CONasao, = 2BiONao + CO, 
Bismuthous Bodie Rodic Carbonic 
oxide. carbonate. metabismuthite. anhydride, 


BISMUTHIC ANHYDRIDE. 
BIO, . 


Preparation.—By heating bismuthic-acid to 180°. 

Reactions.—1. When heated to the boiling-point of mer- 
cury, it loses oxygen, being converted cither into bismuthous 
oxide or dibismuthic tetroxide :— 


BiO, = BiO, + 0,: 


Biamuthie Bismuthous 
anhydride. oxide. 


2B10, = 2'BIKO, + O, 
Bismuthic Dibiamuthio 
anhydride. tetroxide, 


2. When heated in a current of hydrogen, it is readily 
reduced to bismuthous = 
L 2° 
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3. Heated with hydrochloric acid, it evolves chlorine, pro- 
ducing bismuthous chloride and water :— 


Bi0, + 10HCl = 2BiCl, + 5OH, + 2Cl,. 
Bismuthic Hydrochloric Biamuthous Water. 
anhydride. acid, chloride, 


4. Sulphurous acid converts it into bismuthous sul phate :— 


8Bi.O, + 680Ho, = 28,0,Bio”, + Bio, + 6OH,. 
Bismuthio Sulphurous | Bismuthous Bismuthous Water. 
anhydride. acid. sulphate. oxide. 

5. When heated with sulphuric or nitric acid, it evolves 
oxygen, producing bismuthous sulphate or nitrate :— 
BiO, + 380,Ho, = 8,O,Bio", + 30H, + O 


Biamuthic Sulphuric Bismuthous Water. 
anhydride. acid, sulphate. 

BiO, + 6NO,Ho = 2N,0,Bio” + 30H, + 0, 
Bismuthic Nitric Bismuthous Water. 
anhydride. acid. nitrate, 


METABISMUTHIC ACID. 
BiO, Ho. 


Preparation.—Obtained as a red deposit by passing chlorine 


through a solution of potassic hydrate containing bismuthous 
oxide in suspension :— 


4OKH + 2Cl, + Bi,O, = 2Bi0,Ho + 4KCI + OH, 


Potasaic Bismuthous Metabismuthic Potassic Water. 
hydrate. oxide. acid, chloride. 


Reaction.— Dissolves in hot solution of potassic hydrate. By 
the addition of an acid to the liquid, a salt, said to have the 
composition 

Bi,O HoKo, 
is precipitated. 
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COMPOUND OF BISMUTH WITH SULPHUR. 


Dibismuthous disulphide ...... ‘Bi’ S”.. 
Bismuthous sulphide..,......... Bi,s’,. 


DIBISMUTHOUS DISULPHIDE. 
{BES or wus, 
Molecular weight =480. Sp. gr. 7°3. 


Preparation.— By fusing bismuth and sulphur together in 
the proper proportions. 


BISMUTHOUS SULPHIDE. 
Bis".. 
Molecular weight =512. Sp. gr. 6-4. 


Occurrence.—As the rare mineral bismuth glance. 
Preparation.—1. By fusing sulphur and bismuth in the 
proper proportions. 
2. By precipitating bismuth solutions by sulphuretted hy- 
drogen :— 
2BiC], + 38H, = BIS", + GHC. 
Bismuthous Bulphuretted Bismuthous Hydrochloric 
chloride. hydrogen. sulphide. acid. 
Reaction.—This compound is not dissolved by alkaline hy- 
drates or sulphhydrates. 
A few sulphobismuthites are found in nature :-— 
Kobellite. Trieulphoplumbiec eee ed 
iuBbiba Se ia oc teks oeniat ecied mores 
Needle ore. ka fe semua ald beige eats 
sulphobsemuthite 0.0.0... ...cccceecee eee, BI,Pbs",(Cu',8,)". 
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BISMUTHOUS DITELLURO-SULPHIDE. 


Bi Te',S". 
Sp. gr. 75 to 78. 


Occurrence.—In nature, as telluric biemuth or tetradymite. 


CHAPTER XVII. 
MONAD ELEMENTS. 
Section III. 


POTASSIUM, K,. 


Atomic weight =39. Probable molecular weight =78. Sp. gr. 
0865. Fusesat 55°. Boileatalowred heat. Atomicity'. 
Evidence of atomicity :— 


Potassic chloride .................. KCl. 
Potassic iodide .................0065 KI. 
Potassic hydrate ...............068 KHo. 
Potassic sulphide.................. p SK, 


Occurrence—In rocks in the form of. silicate, and in soils 
partly as carbonate. As chloride in solid saline deposits. 

In the juices of almost all plants, generally in combination 
with organic acids. 

In sea-water and in most mineral waters. ; 

Preparation.—1. By the action of a powerful voltaic current 
upon potassic bydrate, when potassium and hydrogen are libe- 
rated at the negative pole :— 


20KH = K, + H, + O, 
Potessic 
hydrate. 
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2. By submitting potassic hydrate to the action of metallic 
iron at a strong white heat :— 

4OKH + 38Fe = *(®e,)ti0, + 2K, +2H,,. 

Potassio Magnetic iron 
hydrate. oxide. 

3. By igniting hydric potassic tartrate (cream of tartar) out 
of contact with air, and subsequently mixing the residue, con- 
sisting of potassic carbonate and carbon, with charcoal, and 
distilling at a very high temperature :— 

First operation :— 


COKo 


ai guHo . GOKo, + SOH, + 400 + 3¢. 


COHo 


Hydrio Potassio Water. Carbonic 
potassic carbonate. oxide. 
tartrate. 


Second operation :— 
COKo, + 20 = 38C0O + K, 


Potassic Oarbonio 
carbonate. oxide. 


Reactions —1. Potassium decomposes water even at ils 
freezing-point with great energy, the heat evolved being sufli- 
cient to cause the ignition of the liberated hydrogen :— 

K, + 20H, = 2KHo + MI,. 


Water. Potassic 
hydrate, 


2. When potassium is ignited in a stream of carbonic anhy- 
dride, a portion of tho latter is decomposed :— 
2K, + 3800, = 2COKo, + C. 


Carbonio Potaasic 
anhydride. carbonate. 


COMPOUNDS OF POTASSIUM WITH OCHLUREINE, 
BROMINE, IODINE, AND FLUORINE. 


Potassic chloride ............ KCI. 
Potassic bromide ............ KBr. 
Potassic iodide ............... KI. 


Potassic fluoride ............ KF. 
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Potassic iodide 18 prepared by digesting iron filings, water, 
and iodine together, filtering the colourless solution, and pre- 
cipitating the iron by potassic carbonate :— 


Fe + I, = Fel,; 


Ferrous 

iodide, 
Fel, + COKo, = 2KI + COFeo”. 
Ferrous Potassic Potaassic Ferrous 
iodide. carbonate. iodide. carbonate. 


COMPOUND OF POTASSIUM WITH HYDROXYL. 


POTASSIC HYDRATE, Caustic Potash, Potash. 
KHo, or OKH. 


Preparation.—1. By boiling in an iron vessel a solution of 
potassic carbonate with calcic hydrate :— 


COKo, + CaHo, = 2KHo + COCuzo”. 


Petassio Calcia Potassic Calcia 
carbonate. hydrate, hydrate, carbonate. 


2. By the action of potassium upon water (see p. 151). 
Reactions.—By contact with acids potassic hydrate produces 
potassium salts :-— 


KHo + HCl = KCl + O8;: 


Potassic Hydrochloric Potassic Water. 

hydrate. acid. chloride. 

KHo + 80,Ho, = 8S0O,HoKo + OH;: 
P i i 
Se more arr a sao ets Water. 


2KHo + SO,Ho, = 80,Ko, + 20H,. 
Potassic Salpharic Potessio Water. 
hydrate. acid. sulphate. 
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COMPOUNDS OF POTASSIUM WITH OXYGEN. 


Potassic oxide ............ OK, K—O—K. 
reer ee OK 
Potassic dioxide ......... { OK: K—O—O—K. 
OK 
Potassic tetroxide ...... . ». K—O—O—O—O—K. 


POTASSIC OXIDE. 
OK.. 


Preparation.—1. By heating potassic hydrate with potas- 


sium :— 
2KHo + K, = 20K, + H,. 
Potasaic Potaasic 
hydrate. oxide. 
2. By fusing together, in a current of nitrogen, potassic 
peroxide and potassium :— 
K.O, + 3K, = 40K,,. 
Potassio Potaasic 
peroxide. oxide. 


POTASSIC DIOXIDE. 
K,O,,. 
Preparation.—Obtained by the action of water on potassic 


peroxide. 
POTASSIC TETROXIDE, Potassic Peroxide. 
K,O,. 
Preperation.—By fusing potassium in s current of oxygen. 
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COMPOUND OF POTASSIUM WITH HYDRO- 
SULPHYL. 
POTASSIC SULPHHYDRATE. 
| KHz. 


Preparation.—By saturating potassic hydrate with sulphu- 
retted hydrogen :— 


KHo + SH, = KHs + OH, 
Potassic Sulphuretted Potaasic Water. 
hydrate. hydrogen. gulphhydrate. 


COMPOUNDS OF POTASSIUM WITH SULPHUR. 


The following have been obtained :— 


Dipotassic sulphide......... S8XK.. K—S—K 
Dipotassic disulphide ...... K,S,. K—S—S—K 
Dipotassic trisulphide...... K,S,. K—S—S—S—K 


Dipotassic tetrasulphide .. KS,. K—S—S—S—S—K. 
Dipotassic pentasulphide.. K,S,, K—S—S—S—S—S—K 


Dipotassic hepta- } KS? K—S—S—S—S—S—S—S—K 
sulphide ...... ae 


DIPOTASSIC SULPHIDE. 
SK,. 
Preparation. —1. By the action of potassic hydrate on potassic 
sulphhydrate :— 

KHo + KHs = SK, + OH, 

Potassic Potassic Dipotassic Water. 

hydrate. sulphhydrate. sulphide. 
2. By igniting potassic sulphate with hydrogen or carbon :— 


80,Ko, + 4H, = SK, + 40H, 
ipota Water. 
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Reactions of dipotassic sulphide and the higher potassic sul- 
phides :—1. By heating dipotassic sulphide with tho necessary 
quantities of sulphur, it forms the higher potassic sulphides. 

2. The potassic sulphhydrate and dipotassic sulphide, when 
acted upon by acids, yield sulphuretted hydrogen :— 

KHs + HCl = KC) + 8H. 


Potassic Hydrochloric Potaasic Sulphuretted 
sulphhydrate. acid. chloride, hydrogen. 


SK, + 2HCl = 2KC! + SH, 


Di ipotamio Hydrochlotic Potassic Bulphure tted 
phide. 7 acid. chloride. hydrogen. 


3. The higher potassic sulphides, similarly treated, yicld sul- 

phuretted hydrogen and a precipitate of sulphur :— 
K.S, + 2HCl = 2KC]l + SH, + 5S, 
—— Vo ee ee 

4. A mixturo of the highor, potassic sulphides and potassic 
hyposulphite, known under the name of kepar sulphuris or liver 
of sulphur, may be prepared by heating potassic carbonate with 
sulphur :— 
3COKo, + 458, 


Potaasic Dipotassio Totaasic Carbonio 


2K, + SS"OKo, + 300,; 


carbonate. trisulphide, aulp hosulphate, anhydride. 
8COKo, + 638, = 2K8S, + S8S’OKo, + 300,,. 
Potassic Dipotansic Potassic Carbonic 
carbonate. pentasulphide. sulphosulphate. anhydride 


5. The last mixture, whon acted upon by acids, suffers suc- 
ceasively the following decompositions :— 


2K.S, + S8S"OKo, + 6HCL = 6GKCI 
Dipotassio Potasaic Hydrochloric Potasaio 
pentasul phide. sulphosulphat, acid. chloride. 
+ 8S"0OHo, + 28H, + 4N,; 
Selihosw pert: Sulphuretted 
aci hydrogen. 


then 
SS"OHo, = 8O, + S + oe 


Screed” ‘tahydride. 
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POTASSIC CARBONATE. 
COKo,. 


Preparation.—1. By lixiviating the ashes of land-plants. 
2. By burning hydric potassic tartrate in a current of air. 


SODIUM, Na,. 


Atomic weight =238. Probable molecular weight =48. Sp. gr. 
0°97. Fuses at 90°. Boils at a red heat. Atomicity '. 
Evidence of atomicity :— 


Sodic chloride................00..0e008. NaCl. 
Sodic hydrate ................0066 ceeds ONaH. 
Sodic oxide ...............ccseecceneee ees ONa,. 


Oceurrence.—In nature in the form of chloride. In sea-water 
and most springs. As silicate in several minerals. 

Preparation.—1. By electrolyzing sodic hydrate. 

2. By acting upon sodic hydrate with metallic iron at a 
strong white heat. 

Moanuyfacture.—-By distilling in an iron retort a mixture of 
sodic carbonate, chalk, and charcoal :— 

CONao, + 2C = Na, + 300. 

Reactione.—Similar to those of potassium, but less energetic. 


The compounds of sodium very much resemble those of po- 
tassium. 


SODIC CARBONATE. 
CONao.. 


Manufacture—1. Formerly by the lixiviation of the ashes 
of marine plants. 
2. By Leblanc’s process, which consists in first transforming 
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sodic chloride into sodic sulphate by the action of sulphuric 
acid :— 
2NaCl + 80,Ho, = 2HCl + S8O,Nao,. 
chloride, et ead alpine 


The sodic sulphate (technically termed salt cake) is next 
heated with calcic carbonate and small coal. The carbon re- 
duces the sodic sulphate to sulphide; and the calcic carbonate 
transforms the sodic sulphide into sodic carbonate, insoluble 
calcic oxysulphide being simultaneously produced :— 


580,Nao, + 20C 58Na, + 2000; 


Bodie Sodic Carbonic 
sulphate. sulphide, oxide, 
58Na, + 7COCao” m= 500Nao, 
fiodie Calcic Sodio 
sulphide. carbonate. carbonate. 
+ 5CaS",2Ca0 + 2C0,. 
Calcic orysulphide. Carbonic 
anhydride. 


The sodic carbonate, commonly called soda ash, is obtained 
by the extraction of the resulting mass with water. 


LITHIUM, Li,. 


Atomic weight =7. Probable molecular weight =14. Sp. gr. 
=30'°59, Fuses at 180°. Atomicity'. Evidence of ato- 


micity :— 
Lithic chloride ...............e00.06e6. LiCl. 
Lithic hydrate (Lithia) ............ OLill. 


Occurrence.—In nature, in the minerals petalite, enodumene, 
lepidolite, and ftriphylline, and in small quantities in some 
mineral waters and ashes of plants. 

The properties of lithium resemble those of potassium and 
sodium; and the compounds of the three metals alao exhibit 
considerable similarity. 


Szorion IV, 
SILVER, Ag,. 
Atomic weight =108. Probable molecular weight 216. Sp. 


gt. 10°4743. Fuseg at about 1000°, <Afomicity'. Evi- 
dence of atomicity :— 


Argentic chloride................. pabeaes AgCl. 
Argentic iodide .............ecseneesees AglI. 
Argentic Oxide ............scecseneeceeees OAg.. 


Occurrence.—In nature in the free state, and as sulphide 
in atlver glance; as sulphantimonite in dark-red silver-ore (see 
p. 142), as chloride in horn-silver, as a compound of bromide 
and chloride (2AgBr, 8AgC1) in embolite, and also as carbonate. 

Extraction—1. The silver minerals are roasted with sodic 
chloride, by which the metal is converted into chloride; the 
mass is then mixed with water, scrap iron, and mercury, and 
agitated for some hours. The iron reduces the argentic chlo- 
ride to the metallic state, and the silver is then dissolved by 
the mercury. 

2. By crystallizing argentiferous lead. Nearly pure lead is 
first deposited ; and the residue, rich in silver, is then cupelled. 

Reactions.—1. Silver is blackened by sulphuretted hydrogen, 
argentic sulphide being formed. 

2. Silver is acted upon by hot concentrated sulphuric acid :— 
Ag, + 280,Ho, = &O,Ago, + 20H, + SO. 

“— gee ee 

‘8. Dilute nitric acid readily dissolves silver :— 

8Ag, + SINNO,Ho wm GNO,Ago + 40H, + W”,0; 
com 
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4. Ata red heat silver decomposes hydrochloric acid:— . 
Ag, + 3HCl = H, + 2AgCl. 
— amu 
There are three compounds of silver with oxygen :-— 


Argentous Oxide ........ccsccrceereeees OAB,P 
Argentic OXIdO.......cc0c:sscsrerercenee, OABS 
OAg 
OAg’ 

Argentous oxide is prepared by heating argentic citrate to 
100° in a stream of hydrogen, dissolving the residue, which 
contains argentous citrate, in cold water, and precipitating the 
orgentous oxide by potassic hydrate. 

Argentic oxide is formed by precipitating argentic er 
with a solution of baric hydrate, and drying the precipitate, 
which is probably argentie hy arte, Aglfo. This is the salifi- 
able oxide of silver. 

Argentic peroxide is obtained by electrolyzing a solution of 
argentic nitrate, when it is deposited upun the positive pole. 

Argentic chloride, bromide, and iodide are insoluble in water 
and nitric acid. 


Argentic peroxide ...................4. { 


CHAPTER XVIII. . 
DYAD ELEMENTS. 
Section II. 
BARIUM, Ba. 


Atomic weight =187. Probable molecular weight =137. Sp. 
gr. between 4:0 and 50. Fuses below a red heat. Atomicity”. 
Evidence of atomicity :-- 


Baric chloride .......... ales a vevlemeces ‘Ba"Cl,. 


160 BARYTA. 


Occurrence.—In nature in the form of sulphate in the 
mineral heavy spar, and as carbonate (COBao”) in witherite. 

Preparation.—1. By electrolyzing moistened baric hydrate, 
carbonate, nitrate, or chloride, the negative electrode being 
mercury. An amalgam of barium is thus formed, from which 
the mercury is removed by distillation. 

2. By passing the vapour of potassium or sodium over baric 
oxide strongly heated in an iron tube, and extracting the metal 
by means of mercury. 

8. By acting upon a solution of baric chloride with sodium 
amalgam, barium amalgam is produced. 

Reaction.— Barium decomposes water at the common tem- 
perature :— 

Ba + 20H, = H, + SBaho,. 


Water. Baric 
hydrate. 


OOMPOUNDS OF BARIUM WITH OXYGEN. 


Baric Oxide ............cceceeee BaO. Ba—O 
Baric peroxide Ba? } Ba 

eT er oee O a 

_/ 


BARYTA, Barie Oxide. 
Ba0. 


Preparation.—1. By converting the native carbonate into 
nitrate by the action of nitric acid, and then heating the nitrate 
to redness in an iron crucible :— 


BARIC PEROXIDE. 16l 


NO 
OOBao” + 2N0,Ho = {Bas + OH, + CO,; 


Beric Nitrio acid. Baric Water. Carbonic 
carbonate. nitrate. anhydride. 


NO, 
2{ Bao” = 2BaO + 2'N",0O, + Q,. 
: : Baric Nitric 
nitrate. oxide. peroxide. 

2. The nitrate may be obtained from native baric sulphato 
by mixing the latter with charcoal and heating the mixture to 
a high red heat, by which the sulphate is converted into sul- 
phide :— 

SO,Bao” + C, = BaS” + 400; 
Bario Baric Carbonic 
sulphate. sulphide. oxide. 
the residue is then treated with dilute nitric acid, when baric 
nitrate is formed. 

Reaction.—In contact with water, baric oxide is converted, 

with great evolution of heat, into baric hydrate :— 


BaO + OH, = Ballo. 


Baric Water. Bario 
oxide. hydrate. 


BARIC PEROXIDE. 


O 
Bao}. 
Preparation.—1. By passing oxygen over baric oxide or baric 
hydrate heated to dull redness :— 
2Ba0 + 0, 2Ba0 | . 
Baric Bario 
oxide. peroxide. 
$BaHo, + 0, = 2Bao } + 20H, 
Barie Baric Water. 


hydzete. peroxide. 
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2. By heating baric oxide to redness in a crucible and gra- 
dually adding potassic chlorate :— 


8Ba0 + C10.Ko = KO + sBap |. 


Baric* Potassio Potassio Bario 
oxide, chlorate. chloride. peroxide. 


Reactions.—1. By the action of heat it splits into baric 
oxide and oxygen :— 


O!;} 
Bae) } = 2Ba0 + O,. 


Bario Bario 
peroxide. oride. 


2. By treatment with steam, at the same temperature at 
which the peroxide was previously formed, it produces baric 
hydrate and oxygen :— 


2Be0 | + 20H, = 2BaHo, + 0, 


Baric Water. Baric 
peroxide, hydrate. 


8. By the action of carbonic anhydride or acids upon baric 
peroxide, hydroxy] is formed (p. 45). 


COMPOUND OF BARIUM WITH HYDROXYL. 


BARIC HYDRATE, Caustic Baryta. 
BaHo,. 

Preparation.—1. By the action of water on baric oxide 
(p. 161). 
- 2. By boiling in water, with cupric oxide, the mass con~ 
taining baric sulphide, prepared by reducing baric sulphate 
with carbon :— 

BaS” + CuO + OH, = BaHo, + Cad”. 

a nn rn a 

Barium salts are formed by the action of acids upon baric 
hydrate, carbonate, or oxide. 
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DIHYDRIC BARIC DISULPHATE. 


o 0 
, 80,Ho | | 
Bet’ «= H-o-4-0-Ba-0-4_-0-1 
$0,Ho } 


This compound is formed by boiling baric sulphate in con- 
centrated sulphuric acid, when tho salt crystallizes on cooling. 


STRONTIUM, Sr. 


Atomic weight =87:5. Probable molecular weight =87'5. 
Sp. gr. 26. Fuses at a higher temperature than barium. 
Atomicity ". Evidence of atomtcity :— 


Btrontic chloride............s..00.0.00 Sr’). 
Strontic hydrate .........csccsceeececeee Sr'Ho,. 
Strontic oxide............cc0ssereeee., SHO, 


Occurrence.—In the form of carbonate as the mineral stron- 
tianite, and as sulphate in celestine. 

Preparation.—1. By the same methods as those employed 
in the preparation of barium. 

2. By electrolyzing fused strontic chloride. 

Character.—The compounds of strontium resemble those of 
barium in constitution, preparation, and properties. 

The etrontic peroxide can only be prepared by adding hy- 
droxyl to a solution of strontic hydrate :— 


SrHo, + Ho, = Br } + 20H,. 
Berontia Hydrory!, —Btrontio Water. 
Strontic carbonate is more easily decomposed by heat than 
baric carbonate. 
m2 
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CALCIUM, Ca. 


Atomic weight =10. Probable molecular weight =40. Sp. gr. 
1°6. <Atomicity". Kvidence of atomicity :— 


Calcic chloride ............s0s00000. CaCl. 
Calcic hydrate ..........ccceceeeses Ca” Ho.. 
Calcic Oxide .........ceecce ese ceeeee Ca"0. 


Occurrence —In nature as carbonate in the numerous cale 
spars, chalk, marble, &c.; as tetrahydric calcic sulphate 
(SHo,Cao”) in gypsum, alabaster, selenite, &c. ; as phosphate 
in apatite and phosphorite (see p. 123) ; as fluoride in the fuor 
spars (see p. 98) ; and in combination with silicon, oxygen, and 
other metals in numerous minerals. 

Preparation.—1. By processes similar to those employed for 
the preparation of barium and strontium. 

2. By fusing together sodium, zinc, and calcic chloride, and 
subsequently heating the alloy of calcium and zinc so obtained, 
to a very high temperature in a crucible of gas-carbon, when 
the zinc volatilizes, leaving the calcium, which contains, how- 
ever, a small quantity of iron. 

Character.—The compounds of calcium resemble those of 
barium and strontium. 

Calcite oxide or guicklime (CaQ) is manufactured on a large 
scale by burning coal intermixed with chalk or limestone, when 
carbonic anhydride is easily expelled from the chalk or lime- 
stone, leaving calcic oxide. 

Calcie hydrate or eslaked lime (CaHo,) is formed by the 
action of water upon calcic oxide; it is much less soluble in 
water than the baric and strontic hydrates. 

-By exposing quicklime to the action of the air it is converted 
into dicalcic carbonate dihydrate, CO(OCa"Ho),. 


Caleic peroxide (Cap } ) is prepared like the corresponding 
strontium compound. 
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By passing chlorine over calcic hydrate, a compound known 
as chloride of lime or bleachiug-powder is formed. This has been 
supposed to consist of calcic chloride mixed with calcic hypo- 
chlorite ; but it is more probably calcic chloro-hypochlorite, as 
expressed by the following formulx :— 

Ca(0C)cl. 9 Cl—Ca—O—Cl. 
The corresponding baric and strontic chloro-hypochlorites 


Ba (OC) and ar(SO), are known. 


Bariun, strontium, and calcium all form soluble dihydric 
dicarbonates :— 


O O 
| | 
H—O—C—O-— Ca—0O—C—O—H 


They are produced by passing an excess of carbonic anhy- 
dride through solutions of baric, strontic, and calcic hydrates: 
The compounds are decomposed at 100°, carbonic anbydride 
being evolved and carbonates precipitated :— 


COHo 

Cao” = COCao” + OH, + C©O,. 

COHo 

Dihydrio calcic Calcic Water. Carbonic 

dicarbonate. carbonate. anhydride, 
MAGNESIUM, Mg. 


Atomic weight =24. Probable molecular weight =24, Sp. gr. 
175. Fuses ataredheat. Volatilizes at a bright red heat. 
Atomicity". Evidence of atomicity :— 


Magnesic chloride ................. Mig"Cl,. 
Magnesic oxide ................6 Mg"0. 


Magnesic hydrate .................. Mig’Ho,. 


Occurrence.—In nature in dolomite, the calcic magnesic di- 
carbonate, 


166 COMPOUNDS OF MAGNESIUM. 


O-~--Ca—O 
GC80" Mga o=d t=0 ; 
LO—Mg—O-/ 


in bructte or magnesic hydrate, MgHo,, and in many minerals 
containing silicon. 

Preparation.—1, By electrolyzing fused magnesic chloride. 

2. By fusing a mixture of magnesic chloride, potassic chlo- 
ride, and sodium. 

Reactions.—1. It very slowly decomposes water at the ordi- 
nary temperature, but more rapidly at a boiling heat. 

2. It readily burns when heated to redness in the air. 

Character.—Magnesium only forms one compound with oxy- 
gon, MgO, magnesia. It is obtained by burning magnesium 
in air, or by heating the carbonate to redness. 
' Magnesic hydrate (MgHo,) is formed by the action of water 
upon magnesic oxide, or by precipitating magnesic sulphate by 
potassic hydrate :— 


SO,Mgo” + 2OKH «= S80,Ko, + MgHo.. 
Magneaic Potaasio Potassic Magnesio 
sulphate. hydrate. sulphate. hy . 

It scarcely dissolves in water. 

Crystallized magnesic sulphate (SOHo,Mgo", GOH.) is pre- 
pared by treating dolomite, the magnesic calcic dicarbonate, with 
sulphuric acid, filtering from the nearly insoluble calcic sul- 
phate, and crystallizing :— 


CO Ca0” Mgo" + 280, Ho, = SOHo0,Cao” + S0Ho,Mgo” 


Dolomite, calcic Sulphuric ' Dibydrio calcio Dihydrio magnesic. 
magnesic dicarbonate. sid. sulphate. "pulphate. 
+ 2C0,. 
Carbonio 
anhydride. 


Magnesic sulphate is very soluble in water, thus differing 
from the baric, strontic, and calcic sulphates. 

Magnesio sulphate, when mixed with potassic or ammonic 
sulphate, forms a disulphate, as, for instance, 
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O O 
| 
S0'K, Mego”. x—o—4-0—mp—o—4_-0—-K 
Dives nae b 

Many magnesic phosphates are known. 

Ammonic magnesic phosphate, 


H H 
\ 
POAmoMgo", Mg/2>p—o_N 
NO7% TaN 
H H 

occurs in the seeds of some of the cereals, and sometimes in 

urine, and in urinary calculi: it is found in nature as guanite 
and struvite. 


Magnesic carbonate (CQMgo"') is found in nature as mag- 
nesite, 


MAGNESIA ALBA, Zetrahydric tetramagnesic tricarbonate. 


Cc Ho, 


Mgo’, 
C,Mgo” Ho,, or< C 


Mgo’", 

CHo, 
H—0O. /O—Mg—0.. _/0—Mg—0., sO 
H—O” ‘O—Mg—O” ‘O—Mg—0O” “O—H 


This compound is formed by boiling a solution of magnesic 
sulphate with sodic carbonate (Berzelius) :— 


480,Mgo" + 4CONao, + 20H, = ©O,Mgo".Ho, 


—Magnesic sulphate. Bodio carbonate. Water. Magnesia alba. 
+ 480,Nao, + CO, 
Bodic sulphate. Carbonic 


Pa anhydride. 
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ZINC, Zn. 


Atomic weight =65. Molecular weight =65. Molecular and 
atomic volume (L). 1 litre of zine vapour weighs 82'5 
criths. Sp. gr.68 to 72. Fuses at 500°. Distile at a 
red heat. Atomicity". Evidence of atomicity :— 


Zincic chloride ...........sceseesee, 2am Cl,. 
Zincic Oxide .....6....200 pusveak ZnO. 
Zincic hydrate ..................... 2m Ho,. 


Occurrence.—In nature as oxide (ZnO) in red zine, aos 
sulphide (4%mnS") in the mineral zinc blende, as carbonate 
(COZno") in calamine, and as silicate in electric calamine, 
williamite, or zinc glass. 

Manufacture.—Zinc blende, or calamine, by being roasted in 
a current of air, is converted into zincic oxide :— 


COZno" = ZnO + CO, 


Zincic carbo- Zincic Carbonic 
nate (calamine). oxide, anhydride. 
o%n8" + 380, = 2%n0 + 280, 
Zincic sulphide Zincic oxide. Bulphurous 
(Zino blende). : ydride. 


The roasted and powdered mineral is then heated with pow- 
dered coal, when the zinc is reduced and distils over :— 


ZnO + C = Zn + CO. 


Zincioc Carbonic 
oxide. oxide. 


Reactions.—1. It slowly decomposes aqueous vapour at 
100° :— 


OH, + Z = ZnO + H, 
- Water. Zincic oxide. 


2. Zine is attacked by almost every acid at the common 
temperature. 
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8. When boiled in potassic, sodic, or even ammonic hydrate, 
hydrogen is evolved, and a double oxide formed :— 
20KH + Zn = ZnKo, + HH, 
Potessic Di 
hydrate. sincio oxide, 


COMPOUND OF ZINO WITH OXYGEN. 


ZINCIC OXIDE. 
ZnO. 


-Preparation.—1. Zincic oxide is obtained by burning zinc 
in air. 

2. By passing steam over heated zinc. 

3. By heating the precipitate formed by ammonic carbonate 
in solutions of zinc salts. 


OTHER COMPOUNDS OF ZINC. 


Zincie hydrate (@mHo,) is obtained as a white precipitate 
by the action of potassic hydrate on solutions of zinc salts :— 
SO0,Zn0" + 20KH = ZnHo, + 80,Ko, 


Zincic sulphate. Potassic Zinoic Potessio 
hydrate hydrate. sulphate. 


The precipitate is dissolved by excess of potassic hydrate. 

Crystallized zincic sulphate is isomorphous with crystallized 
magnesic sulphate, and contains seven molecules of water, six 
of which are easily expelled at a moderate heat, the last only 
being driven off at a somewhat high temperature. It also 
resembles magnesic sulphate in forming double salts with 
potassic and ammonic sulphates :— 


Zincic sulphate (crystallized) ............ SOH0,Zno", 6OH,,. 
80,Ko 
Dipotassic zincic disulphate (crystallized) nous 60H. 


170 CADMIUM. 


Zincic carbonate (COZno”) occurs in nature as calamine. 

The precipitate obtained by adding a solution of sodic car- 
bonate to a solution of asalt of zinc has a variable constitution. 
The reaction usually takes place thus :— 


CH0(OZn" Ho), 
580,Zno" + 5CONao, + 30H, = 4 Zno” 


CH0(OZn" Ho), 
Zincic sulphate. Sodio carbanate. Water. a Dover pean 
+ 580,Nao, + £3C0O,,. 
Sodic sulphate, Carbonic anhydride. 


CHAPTER XIX. 
DYAD ELEMENTS. 
Section IV. 


CADMIUM, Cd. 


Atomic weight =112. Molecular weight =112. Molecular 
and atomic volume ([_]. 1 lttre of cadmium vapour weighs 
56 crithe. Sp.gr.8°7. Fusés below 260°. Easily volatile. 
Atomicity". Evidence of atomicity :— 


Cadmic chloride..................... Ca’Cl.,. 
Cadmic oxide ............00 secceese, GAO, 


Occurrence.—In nature in small quantities, associated with 
zine, and in the form of sulphide as greenockite. 

Preparation.—By distilling fractionally the more volatile 
part of the metal obtained in the manufacture of zinc, and 
then dissolving this more volatile product (which consists of 
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zinc, cadmium, and a little copper) in hydrochloric or dilute 
sulphuric acid, precipitating the cadmium and copper with 
sulphuretted hydrogen, dissolving the mixed sulphides in 
dilute sulphuric acid, and adding an excess of solution of 
ammonic carbonate, which precipitates both cadmium and 
copper, but redissolves the latter. The cadmic carbonate is 
then ignited, and the resulting oxide reduced by charcoal. 

Cadmic oxide (CaO) is preparod by heating the hydrate, 
carbonate, or nitrate. 

Cadmic hydrate (CdHo,) is obtained by precipitating a 
solution of a cadmic salt by sodic or potassic hydrate. 

Cadmic sulphate (80,Cdo", 4011.) is obtained by dissolving 
cadmic oxide or carbonate in sulphuric acid. By heating 
this compound, or by partially decomposing it with alkaline 
hydrates, it is transformed into 

Dicadmic sulphate dihydrate ......... 80,(OCd" To), 


O 
I; 
H—O—Cd—O—S--O—Cd—O—H 


MERCURY, He. 

Atomic weight =200. Molecular weight 200. Molecular 
and atomic volume (1_). 1 litre of mercury vapour weighs 
100criths. Sp.gr.13:59. Fuses at —40°. Boils at 360°. 
Atomicity'", aleo a pseudo-monad. 

The following list contains the names and probable consti- 
tutional formul» of the principal compounds of this metal :— 
Mercurous chloride } ' { HegCl _ Woe 

( sep) Hg C1, or Hel" Cl—Hg—Hg—Cl 
Mercuric chloride... HigCl,. 


H 
He BN 
Mercurous oxide... ‘Hg’,O, or { $00. . YP 


172 COMPOUNDS OF MERCURY. 
Mercuric oxide ... HgO. Hg=O 
Mercurous sulphide ‘He’ 8", or | eS”. 


Mercuric sulphide 
(vermilion, cinna- FigS”. 


DAN): sicccepcevecdes 

O 

Hg—0O. 

Mercuroussulphate. §O,('Hg’,O,)". —_| Z 
Hg—O h 
O 
PI 

Mercuric sulphate... SO,Hgo”. Hg. o/ 
H 

aN 

‘Trimercuric sulphate } 8Hro0" H ma Wy 

(Zurpeth mineral). a So” ie 


Tetrahydric mercurous dinitrate... W,O,Ho,('Hg’,O,)”. 
H H 


0 _-h—o—Hg—Hg—0—N =O 


i i 


wo ‘0, 
- Dimercurous dinitrate ... {9 (Hg.0.) 2 
WO(Hg’,O,)” 


COMPOUNDS OF MERCURY. 


Hexahydric wires 
rous tetranitrate ... 
Mercurous sami 
dinitrate 

Tetrahydric mercuric } 
dinitrate 

Tetrahydric dimercuric } 
dinitrate 

Dihydric trimercuric } 
dinitrate 


osreerenesee 


Trimercuric carbonate... 


Tetramercuric carbonate. 


Mercurosodiammonic } 
dichloride ............ 
Mercurosomercurodi- } 
ammonic dichloride. 


Mercurammonic chlo- 


ride. (Whéte preci- WH,He"Cl. 


pitate.) 


Trimercuric diamide ... 


178 
W,0,Ho,('Hg’',0,)”,- 


N,0,(Hg',0,)' Hgo",. 
N,O,Ho,Hgo". 
N,0Ho,Hg0",,. 


N,OHo, 


oo. 


CHgo"(Hg",0,)". ae 
Soe 


CHgo"(Hg",0,)". 
O O—Hg—O 
Rg ‘S Rg 
UO 0—He—O 


NWH,ClHg 
NH, ,ClHg 


N,Heg’H,'He’ Cl.. 


Cl 
H-N—H 


te 
=a! 


RH aie 
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COPPER, Cu. 


Atomie weight =068'5. Probable molecular weight =63°5. Sp. gr. 
8:8. Fuses at about 780°. Atomicity "', also a peeudo-monad. 


The following are the names and probable constitutional for- 
mule of the principal compounds of this metal :— 


Cuprous hydride......... { rotary H—Cu—Cu—H 
Cuprous chloride ... ‘CaCl, or { page Cl—Cu—Cu—Cl. 
Cupric chloride ...... CuC]),, 20H,. Cl—Cu—Cl 
(sr 
cu 
Cuproushydrate,4’'Cu’,O, OH,, or { al 

Cu 

Cu? 

CuHo 
O—Cu—Cu—O—Cu—Cu—O—Cu—Cu—-O—Cu—Cu—O . 
it 
Cupric hydrato ......... CuHo,. H—O—Cu—O—H 

cad Cu—Cu 
Cuprous quadrantoxide.4 «,," So 
Cu Cu—Cu 


Cuprous oxide. (Jed Cu Cu 
copper ore, Or vray 'Ca',0 or { Gu? Pe >0 
OF.) vccestssas u 

Cupric oxide seeessbacees CuO. Cu=0 


‘Cuprous sulphide.) . se " 
(Copper glance.) s, eae or{ Gas 
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Cupric sulphide. (Jn- 
digo copper or se| CuS”. 


COPPET.)  vceccceseees 
Cupric sulpho-hydrate.. 5CaS"”, CuHo,,. 
Cupric nitrate............ worCuo”, 40H, or ar ocuo". 
a 4 


Dihydriccupricsulphate SOHo,Cuo", 40H,. 
Hydric tricupric aad ual 

phate trihydrate... BORGES 10): 
Dihydric tetracupric) - 

sulphate cee 8Ho,(OCu''Ho),. 


drate.( Brochantite.) 
H—O O—IHI 
Or 
i a ale 
\ 
0 0 


/ \ 
H—O—Cu Cu-—-O—H 
Hydric pentacupric 
sulphate peta Silo(OCu'To),, 201,. 


drate  ......... 0... 


Ammoniocupric sul- 
phate. (Dihydric 
diammonic cuprodt- 
ammonic zulphate.) 


SHo,Amo, Re u0", | 


Dipotassic cupric disul- eas 
PHBE © coeseeeesdsscnsees $0,Ko 
” O 
. | | 
K—O—S—O—Cu—O—S—O—K 


tI | 
O O 


Dicupric carbonate. } CCuo". 
(Mysorin.) ......... : 
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Dicupric carbonatedi- " 

hydrate. (Malachite. ) } eon ale 
O 


i : 
H—O—Cu—O—0—0—Cu—O—H 


Dihydric tricupric dicar- 
bonate. (Blue malachite: rer saad 
azurste, mountain-blue, | otto Cuo”” 
OF copper-azure.) ...... 


O—H H—O 
Cu” eee 


/ 
Bi vy 
Cuprodiammonic carbo- N : 
nate. (anmonvopre | co [Remcu"o, } ; 
carbonate.) ...ccc.cs00- : 
H H 


NX 
|, 
Cu *c=0 

H | 0” 
\ 
Hydric cupric silicate " 
hydrate. sine) power): 
H—O—Cu—O—Si—O—H 


COMPOUNDS OF GOLD. Lid 


CHAPTER XX. 
TRIAD ELEMENTS, 


Section II. 
GOLD, Au. 


Atomic weight -==196'7. Probable molecular weight =393'4. Sp. 
gr. 193 t0 195. Fuses at about 1100°-1200°, Atomi- 
city’ and". 

The following are the names and probable constitutional for- 
muls of the chief compounds of gold :— 


Aurous chloride ............ AxCl. Au—Cl. 
Cl 
Auric chloride ............ AxCl,. Me 
oral 
Aurous iodide............... Aul. 
Auric iodide ............... Aul,. 
Aurous oxide .,............. AO. Au—O—Au 
AxO0 
Auric exide. — ie O O=Au—O—Au=0O 
dride.) .. sees ate 
Potassic aurate ............ Au0Ko, 30H,. O=—Au—O—K 
Aurous sulphide............ Aus”. 
AuS” 
Auric sulphide ............¢45" . 
Aus" 


VOL. I. x 


178 THALLIUM, 


Secrion III. 


THALLIUM, TI, 


Atomic weight =204. Probable molecular weight =408. Sp. 
gr. 11:81 to 11°91. Fuses at 294°. Atomicity' and '”. 
Ewidence of atomicity :— 


Thallous chloride ............esecscee. ees TIC\. 
Thallous oxide ............cccseceee een ees OTI.. 
Thallic chloride ..........c.ccssceeeeees TI'"'Cl.,. 


Occurrence.—In small quantities in certain varieties of py: 
rites and sulphur, find in minute quantities in some mineral 
springs. 

Preparation.—By extracting with water the deposit formed 
in the flues of sulphuric acid-chambers, and precipitating the. 
thallous chloride by hydrochloric acid. The chloride is con- 
verted into sulphate by the action of sulphuric acid ; and when 
purified, a solution of the sulphate is decomposed by metallic 
zinc, which precipitates the metallic thallium. 

The following list contains the principal compounds of this 
metal :— 


Thallous chloride .............cseeeeeeees TIC. 
Thallous oxide ............00e0s0seeeeeee. OT. 
Thallic chloride .........:...ceseereseee LIC. 
T10 
Thallic oxide ....... asta ; 
T1O 
Thallous sulphide ....................., STL. 
Thallous nitrate .............c.cceceeees NO,Tlo. 
Thallous sulphate .............0000 . 80,TIo,. 
Thallous carbonate ..................00 COTIo,. 


Thallic oxyhydrste ...... saghayeneawensis TiIOHo. 


‘COMPOUNDS OF ALUMINIUM. 179 


CHAPTER XXI. 
TETRAD ELEMENTS. 


Sxcriown II. 


ALUMINIUM, Al. 


Atomic weight =27'5. Molecular weight unknown. Specifio 
gravity 2°06. Fusee at about 450°. <Atomicity '", but ts 
always a pseudo-triad. Evidence of Atomicity—analogy 
with tron and chromium. 


Annexed are the names and probable constitutional formula 
of the most important compounds of this metal :— 


cl Ol 
Aluminic chloride... 'A1",Cl, or { AlCh: oA A 
bd 
Aluminic oxide ...... ALO, or { a0: ra Cae . 
Meagan (A 
H—O O—H 
H—0—Al—Al—0—H 


n—d bn : 
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Aluminie _ oxydi- 


hydrate. oi | A10,Ho, or { ‘Alone 
aspore.)  ......... 


O=Al—Al=0 
O 
a | 
Hf 
Aluminic sulphide ... ALS”, or { re 


Dipotassic aluminate Al1,0,Ko, or { rune ge 


Magnesic wee ” Al0,, " 
nate. (Spinelle) | AhO:Mgo" or {Ato 6° 


Aluminic sulphate .. 8,0,('Al”,0,)", 180H, or 
B0-CAI".0,)¥, 180H,,. 

80.— 

Aluminic sulphate 


tetrahydrate. | SO, (‘Al'",O,Ho,)", 70H,. 
(Alumintie.) ... 


Allophane ............ SiHo,('Al’’,Ho,O,)”, (2 or 4)OH,. 
Prehnite ................ &4,Ho,Cao”,(’Al'",O,)". 
Topaz eee Si, (’ Al’”,0,F)"(' Al’” O,F,)'"¢' Al'".0,F)' 
‘Al’’,O, x 
Doisite ....c.ce.cerceeee B1,Cao",( O ): 
‘Al'’,O, 


Spodumene conse seccee Si, 0, ,Lio,('Al'’,O,)%.,. ; 
Petalite ............... &4,,0,,Nao,Lio('Al’”,0,)%,. 
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SOHoKoa,, 


Alunite, alum- } aor, (Ar, te O ) 
atone eet estoosece SOHoKo t "aye? "Ho, 0,)"" 
Collyrite ..........00008 $iHo,(‘Al'",Ho,O),, 40OH,,. 


Dipotassic alumi- B0,Ko— 
nic tetrasul- so, beg ees 
phate. (Common so,— ‘ Al’’,0,)*, 240H,,. 


alum.) ee See 80,Ko 
Si 
or (‘Al ,HoO,)" 
Worthite eeeere se C800 ae Al” ,HoO,)” 
Miloschine ...... ve... SiHo,(' Al’ ,Ho,O,)”. 
Porcelain ws of 


iH ¢ one 9 
—— | sine Al", Ho,0,)". 


Cimolite, kaolin of | a) 


Ellenbogen ...... sio_— (Al".0,)”. 
SiHo, 
SiOHo 
Agalmatolite ......... aT Al’’.0,)*. 
8i0OH 


Buchholzite, xeno- } ra Al’’,0,)"_ 
Hite: sissecscedsive: sit 0." 


SiHo—, 

Porcelain clay.. ...... 40 (‘Al ,Ho,O,)**. 
siHo— 

Andalusite, chias- 


tolite, cyanite, equi 
fibrolite, sillima-[ #0(AI",0.)". 


Wernerite ............ 84,Cao’(‘Al'”,0,)". 
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Saponite ........ eeaaet Si, Mgo",Ho,,(’Al'’,0,)". | 
Lepidolito ........... , 81,0,Ko,Lio,('Al’",0,)",('Al’" .F,0,)". 
{g StHo,Nao 
Analcime _............ eat Al’’ 0 
a 
Razoumoffskin ...... ae ‘Al”,0,)". 
3 


Malthacite ............ 4,O0,,Ho,('Al’’,0,)", 





CHAPTER XXII. 
TETRAD ELEMENTS. 
Section ITT. 
PLATINUM, Pt. 


Atomic weight =197-4. Molecular weight unknown. his g- 
21:5. Atomictty ' and *, 
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The following compounds will serve to illustate the ato- 
micity and general character of this metal :— 


Platinous chloride... PtCl,. Cl—Pt—Cl 
Platinic chlorido..,... PtC,. ot —c1 
Platinous oxide ...... Pto. 

Platinic oxide ......... PtoO.. O=Pt=0 

Platinous hydrate ...  PtHo,,. 

Platinic hydrate...... PtHo,. 

Platinosodiammo- Cl Cl 
nic dichloride. mee a re’ 
(Green salt of ed fo ag 
Magnus.) ......... mr it af 

White compound of Rae )C1 
Reiset ............... NH(N-H,) Cl 

H (Cl Cl H 
H H 
: ——N—Pt_N—K( 
H’ MI 
iI if i ] { ‘I if 


Platoso-diammon di- NH, (NH ,)Ho 
ammonic dihydrate i cn Jo 
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Platosodiammonic Ox- {Pb Your 
NH, if & ®, N 


Platinous sulphide... PtS”. 
Platinic sulphide ,.. PtS”,. 


a ee oe 


CHAPTER XXIII. 
TETRAD ELEMENTS. 
Sxcriow IV. 
LEAD, Pb. 


Atomic weight =207. Molecular weight unknown. Sp. gr. 
11°445. Fuses at 335°. Boils at a white heat. <Ato- 
micity "' and**, Also sometimes a pseudo-triad. 


The following list contains the names and probable consti- 
tutional formule of the most interesting compounds of this 
metal :— 


Plumbic chloride ... PbC',. Cl—Pb—Cl 
Po. 
Plumbous oxide ...... { ad) ae Pp 


Plumbic oxide, 
(Litharge.) ...... } PbO. Fb=0 


Plumbic peroxide. } PbO, 


(Platinerite.) Ges O=Pb=O 
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Diplumbic _ tri- 


} PHoPte”. 7% 
4 


oxide ......... 
3 | Triplumbi Pe 
riplumbic 7 
ai tetroxide ... PBEbo: 5 zi <5, 
3 Lo 
Tetraplumbic ein p/O—Pb 
pentoaiile } PbPbo (P 20;) . L rps 
~O/ 


Plumbic | PbHoC!. C)l—Pb—O—H 
Crate ........006 


Plumbic hydrate......  PbHo,. H—O—Pb—O—H 


a ora oxydihy- {ora H—O—Pbh—O—Pb—O—H 
s\n ee 


Diplumbic oxydichlo- | FP ym ph 
ride, (Matlockite.) | ppc} 


Diplumbic oxychlo- oo Cl—Pb—O—Pb—O—H 
rohydrate ......... PbC! 


Octoplumbic hept- } Pb,0, Cl,. 


oxydichloride ... 
O—Pb—0— Pbh—0O— Pb-—-0— Pb—-O0— Ph-——-0-— Pbh—0O 
b b 


d Cl 
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Triplumbic oxydi- { O 
chloride. (Mendi-< Pb” . Cl—Pb—O—Pb—O—Pb-—Cl 


- pite.) i. Leanige. O 
ne) Pcl 

Plumbic amie " 
(Galena.) ...... mer 


Diplumbic sulphodi- ae Cl—Pb—S —Pb—Cl 
chloride ............ PEG 


Plumbic | 80,Pbo" 


(Lead vitriol.)... 
NO 
Plumbic nitrite ...... Pbo” 
NO 
Plumbie _onitrite } 
o(P O 
hydrate ......... si ca 


Diplumbic nitrite- } - ” 
Saaremaa NPbo"(Pb"Ho0). 


H—0—Pp—o—K Pb 


\O7 


O 
Mite | NOWoPbe’. — H—-O—NCOveE 


Dihydric diplum- 
bic nitrate hy- | wt, Pho" (PbHo0). 
drate  ............ 


aaa 
Or» 
H—O—Pb—O—N’ 
| ‘or 

H~O 
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O O 
NO, it it 
Plumbic nitrate ...... ube : —O—Pb—O0—. 


Dihydric diplumbic ; 
nitrate nitrite. | 3}H9,Pbo 
(Basie hypon i- NO 


trate of lead.) ... 
H-—O 
sOn 
0=N—0—Pb—0—N \o yeb 
H— 


Oo 
COPbe”. O=C Pb 


Lead spar, white 
(Lead sp ay 


Plumbic carbonate. 
lead ore.) .......4. 


dihydrate car- CO(OPb’ Ho),,. 


Yorke’s oo} 
bonate ........6.5. 


Triplumbie dihy- 
; CO(OPbHo) py «1. 
datdicrboata. | CO(OPbHo) Pbo’"; 


(White lead.) ... 


O O 
| | 
u—o—pb—o—¢_o-Pp_o__0—Po—0—-H 
or 


Dihydric ag CHoPbo" py, 


bic dicarbonate CHoPbo” 
O—H H—oO 
/Ox, = = | /O. 
Pe Sto Po—-O—C Pb 
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O 

O—Pb—O 
O=C \ 
\O—Pb—O” i 


Diplumbic _sul- co 
phate carbonate. go, F bo’: 
(Lanarkite.) ... : 


phate. (Leed.{ GOD Tbe. 


Tetraplumbic _ tri- co—— 
carbonate =| co Ebo I 
Pbo” 
hillite.) .ccsees. 80,Fbo" | 


O 
bo pp—-o—4_o_pp_o-b--0_rb—-0-4 
— 


a ee ne ee 


Diplumbic chromate. CrOPbo”,. vd rm 


Po. 9/ 
TN ae pia a 
: ; . o 
Triplumbic  di-) poy}, O—C—O—Ph—O—Ur—U 
chromate ...... CrOPbo" I 
Dipotassic } PeoKo : 
plumbate sesees . ee ee 
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CHAPTER XXIV. 
HEXAD BLEMENTS. 
Szcrior IV. 
CHROMIUM, Cr. 


Atomic weight 525. Molecular weight unknown, Sp. gr. 
70146. Atomicity'", iv, and “; also a pecudo-triad (and 
a peeud-octad). Hvidence of atomicity :—Soe the annexed 
com . 


The following are the names and probable constitutional 
formule of the most important compounds of this metal :— 


Chromous chloride  OrCl,. Ci—Cr—Cl 
a Cl 
Chromic chloride ... { Grop oc dcr 
3 
KF 
Chromic perfluoride OFF, ‘de 


r 
F/ i 


Chromic oxide ...... {5290-9 _/ > 
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Chromous dichromic { Cr0o.0", 


O—Cr—O,. 
tetroxide ......... = 


O=Cr————_Cr=0 


om 


Dichromic ferrous) 
tetroxide. { CrOp eo!" sO—Fe—0. 
(Chrome tron CrO ° 0=Cr————— 


| ore.) 





Chromic dioxide...... CrO.. 


O.. 
Chromic anhydride... CrQ,. 
aes : o=tr=0 
Dipotassic  chro-} . ,O 


| i 
mate. (M ormal CrO,K O,. K—O—Cr—O—K 
potassic _—chro- | 


MALE.) cuesscessas 


O O 
Dipotassic dichro- Cr0,Ko ‘ | 
mate. (tei QO .K—0O— Ont Oerk 
bichromate.)...... Cr0,Ko | 
_{Cr0,Ko 
Dipotassic trichromate. Gr O, 
(Potassic terchromate.) 
Cr0,Ko 
Oo’ oO. 


K—0—¢r-0—4-—0—-d_0-x 


$s +t 
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Dipotassic chromous 
disulphate 


} 8 


Chromic sulphate ... 


Octochromic | 
nate dihydrate ... 


‘Dipotassic chromic 
sulphate (Potas- 
sium chrome alum.) 


Chromic nitrate 


191 


$0,Ko 


g80 "Ko Cro”, GOH,,. 


SO, 
$0'_('Cr”,0,)", 150H,. 
s0,__| 


80, K 
Ole" O,)%, 240H,. 
80" an 


N,0,,(‘Or"’,0,)". 


C('Cr'",0,, Ho)”. 


Plumbie chromate. 

(Red lead oe GrGO,Pbo”. 

crocotsite.) .......4 

Sulphochromic _ acid. (§0,Ho 

(Dihydric sulphate O : 

chromate.) .........65. CrO,Ho 

Tetrapotassic dichro- rte os 04. 

mosulphate ............ CrOoKo—0, 

Chromic hydrate ...... { Gril. 6OH,. 

Perchromic acid ...... | GrosOHo) 6} 4 
O= dcr 
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| 

: | 
Potassic ae Cr0,ClKo. ok 


O 

Chromic dichlorodi- I 
oxide. (Chloro- Cr0,Cl,. Cl—Cr—Cl 

chromic acid.) ...... I 


Chromous sulphide... Crs”. 


Dichromic _trisul- { Crs",,, 
phide ............08 Crs" ° 


Sulphochromic eae " 
dride  ........c000c00 we 


MANGANESE, Mn. 

Atomic weight =55. Molecular weight unknown. Sp. gr. 7 
to 8. Atomicity", *, and“; aleo a pseudo-triad and a 
peeud-octad. Evidence of atomicity :— 

Manganic perfluoride ............... Min"F,. 
Analogy with chromium. 


The following are some of the more important compounds 
of this element :— 


Manganous chloride. B&nCl.,. Cl—Mn—Cl 
Cl 

Manganic chloride... B&nCl,. C1—-Mn—c1 
1 


Cl Cl 

Dimanganic herxa- ( MiaCl = ae 

chloride eek ce c—n Ma—c1 
Cl | 


* 
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Manganous hydrate. MnHo, H—O—Mn—O—H 
Manganous oxide... MnO. Mn=O 
Manganous diman- O—Mn—O 


i ‘de, | BinOy,, 
ganic _ tetroxide. Mno”. a 
(Hausmannite.) ... a O=Mn————_Mn=0 


Dimanganic trioxide. } minOMn 0”. O=Mne sree 





(Braumite.) ......... 0/7 
Dimanganic dioxydi- H—O, Ov 
hydrate. atenge- Mntilo,Mno". ‘HO ~Mné O Ma 
Ct 
Mn0— 
Varvicite............... Mno” (MnivO,Ho,)" 
Mn0_J 
O=Mn—O—Mn—O—Mn=0 
0—-Mn 
H—O 0-H 
Manganic oxide. } MnO 
(Pyrolusite.) ...... : 


ganic tetroxide di- 
hydrate. (Patlome- 
lane, Hartmangan). 


H—O—Mn—O—Mn—0—Mn—O—H 


b 


| 
Dipotassic manganate MinO,Ko.,. K—-o—M n—O—K 


MnOHo Mn o” 


Manganous diman- 
MnOHo 


TOL. FI. Y 
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EK 
| j 
Dips pe} (MOOK, - 
=O 

I 


° 
ll 
orn 


Manganous___sul- 
phide. (tor | meas 
ganese blende.) 
Disulphopotassic 
trimanganous aes Mns 
disulphide ...... 
Manganous carbo- 
nate. atone COMno". 
nese spar.) 
Dihydric aa 8 , 
nous sulphate OHo,Mno’, (8, 4, or 6OH,). 
Dipotassic ine SO,Koy, 
nous disulphate so, *K Mano", 60H,. 


Aluminic manga- | so, 
nous _ tetrasul- | so.— j 
phate. (Manga- Mno"( 1",0,)%, 240H,,. 
s = | 


nese aluminium 0, 

alum.) ..........5. 50, 
Dimanganic trisul- } rat (Mn 0,*. 

phate ............ sO,—! : 


Dipotassic diman- 
ganic tetrasul- 80. — 
phate. (Potae >? go —G ,0,)", 2408, 


sium manganese sO, Ko 
alum.) .....0...0.. 
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Manganous hydric phosphate..... 2POHoMno”. 


Manganous silicate. (Silicife- 
rouse manganese, red manganese, ‘ 
rother Mongentiae! Roth- ¢ "HOMno". 


Draunsteinerz.) ....ccceccevcerees 
asa silicato. roi) SiMno’, 
errr re rr rrr errr Sayuaees 
Dihydric dimanganous silicate 
dihydrate. eee Aan} Sillo,(OMuHo),. 
gankiesel.) ... ites 
Hexamanganic eine ee oe 
[ Heteroolind \ncciascac ccc: } ial 
| an | mate 


O=Ma—Me saate 3 Mn—Mn=O. 
oS oC oS oS 
SiGlo" a 
Triglucinic tetramanganous tri- aan ( ae °) 
silicate sulphide. ( Helvine.) Mno” Mn’ ‘O 
| $iGlo"-———— 





Aluminic manganous disilicate . | seo" Al",0,)", 20H,. 


IRON, Fe. 


Atomic weight =56. Molecular weight unknown. Sp. gr. 7'8. 
Atomicity '", **, and “. Evidence of atomicity—analogy 


with chromium. 
The following is a list of the chief compounds of iron :— 
Ferrous chloride ... FeCl,. Cl—Fe—Cl 


02 
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Cl Cli 
. P FeCl.,. Y 
Ferric chloride ....., { Fecl” O—He—e—c 
Cl 
Ferrous oxide......... FeO. Fe=-0 
Ferrous hydrate ...... FeHo,. H—O—Fe—O—H 
Ferric oxide. (Red 
haematite, micace- 0 
ous tron, oligist, | PeQ0- O=Fo a, 
specular ‘ron, or 
tron glance.) sei. 
H 8H 


b 6 


Ferric hydrate ...... { Fens: H-0—F—t—0—1 


b 4 
Aon 
H H H H 

Tetraferric _trioxy- b \ sR | 
hexahydrate. (Oom- ( FeOHo VU 
pact Pid es a . O=te—te—0—Te—e—0 
ore, fibrous brown 
iron “ore or brows | FeOtto & 4 
hamatite.)  ....00.4. i b 
Ferric  dioxy-dihy- H #H 
drate. (Needle ( FeOHo d b 
tron ore, brown | FeOHo’ 
tron ore.) O=¥r—He=0 


COMPOUNDS OF IRON. 


Ferric § oxy-tetra- 
hydrate. (Another ( FeHo, 
variety of drown { FeHo, 
tron ore.) 


70. 


Ferrous ferric te- 
troxide. (Magnetic 


{ Feo OR", 
tron ore.) 


Potassic ferrate ...... FPeO,Ko,. 


Octoferrous sulphide ="(Fe,)"S”. 


197 


4 


I 


6 
| 


r—o— 


; 
O—Fe 5s 
o=¥o—Fe= O 
O 
I 
K—O—Fe—O—K 


b 


Fe—Fe—Fe —Fe—Fe—Fe—Fe—Fe 


Diferrous sulphide... { Fes", 
Ferrous sulphide ... FeS”. 


Ferric disulphide. 
(Zron pyrite} FeS",. 


martial pyrites.) 
Diferric trisulphide {2 S,5". 
Diferric cuprous te 
trasulphide. (Cop-  {Bescous'y’. 
per pyrites.) 





S 
F 
(Ss 
Fe” 
S-- Fe=—S 
S 
S=Fe—Fe=S8 
Cu—Cu 


4 4 


s—te—F> - 
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Ferric nitrate ......... N.O,,('Fe”,0,). 
Hexahydric = di- 


ferric spho-| P. Ho, (‘Fe"’,Ho,O or 
phate dibydrate. 


Ferrous sulphate ... SOHo,Feo’, sOH, 


Dipotassic ferrous di- raed 
sulphate .........06 


s0.— 
80—(‘Fe'",0,)", 9OH.,. 
so, 


Ferric _ sulphate. 
(Coguimbite.) ... 


Dipotassic ferric, go Ker 


tetrasul phate. SO, os i 
(Potassium iron 80, —(Fe",0 0,)", 240H,. 
GlUM.) ....cecevees 80, 


Tetraferric sulphate. §80,('Fe'’.0,)", 60H,. 


Tetrahydric tetra- 


ferric sulphate ae P 
octahydrate. SHo,(‘Fe"' OHo,0,)". 


( Vitriol ochre.) 


Heptaferric octo- 
sulphide. cate. Fe,S", 
netic pyrites.) ... 

Ss 8 8S 8 8S 8 


4\S “NZ 7 
S=Fe Pe Pe Pe PS 4 Fe=8 
a a ei i 


Ferrous carbonate. 
(Spathée ro COFeo”. 


OPO.) sehicivensisses 


NO, . 
Ferrous nitrate ... | Feo - 
NO, 
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COBALT, Co. 


Atomic weight =58'8. Molecular weight unknown. Sp. gr. 8'5. 
* Atomicity '",'*, and“? aleo a pscudo-triad, 


For evidence of the atomicity of cobalt see the following list 
of the chief compounds of this metal :— 





Cobaltous chloride... CoCl.,. Cl—Co—C] 

0) a a 
Cobaltie chloride... { Goct ci do—do—c1 

( 

cl Cl 

Cobaltous oxide ...... Co). Co=0 
ee CoO 
Cobaltic oxide........ {¢ 00°: o=0 Yoceh 
Cobaltous dicobaltic { Col... O—Co—O 
tetroxide ............ CoO" O=(% Co=0 


Hexacobaltic hept- } 60.0 
Oxide .........6., a 


0 0 0 0 Oo 
O=Co 06 06 TS VS Co=0 
| Eee ee eee | 


Cobaltous hydrate ............ CoHo, Hi—O—Co—O—H 
H—O O—H 
: : CoOHo 
Cobaltic oxy-dihydrate ...... { 7. | 
CoOHo Oo= o—Co=0 
Cobaltous sulphide............ CoS”. 


Coleen. (Oe | eee 
pyrites.) ee CoS" ° 
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NICKEL, Ni. 


Atomic weight =58°8. Molecular weight unknown. Sp. gr. 8°7. 
Atomicity ",‘*, and“? also « psoudo-triad. 


Annexed is a list of the names and probable constitutional 
formule of the chief compounds of this metal :— 


Nickelous chloride........._ WiCl,. Cl—Ni—C) 
Nickelous oxide ............ NiO. 
Nickelic oxide..... ......... { io a Nid 
H—-O O—H 
| 
Nickelie hydrate............ { aH H—0—Ni—_Ni—o— H 


54 bu 
Nickelous hydrate ......... NiHo,. 


Dinickelous sulphide ... .. aa 


Nickelous sulphide. 
( Capillary pyrite, | Nis" 
hair nickel.)......... 
Nickelicdisulphide...... WiS”,. S=Ni=S 
Dihydric _ nickelous ag 
sulphate ............ } SOHo,Nio’, GOH, 
Dipotassic nickelous di- a . 60H. 
sulphate .............. ... Ko : 
0 0 
I I 
K—O—S—0—Ni—0O—S—O0—K 
| I 
O O 


VOL. L P 
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NO, 
Nickelous nitrate ...... ..{ Nio’, 6OH,,. 
NO, 


dicarbonate  tetraly- { Nio” 


Dihydric pentanickelous ( ©Ho(Ni"OHo), 
»2 
drate:: aise saccneeeowens | CHo(Ni"0Ho), 


noke 
Dipotassic nickelous tri- Ono’, 100H, 





carbonate ............... 
COKo 

Nickelous diarsenide. } "As yy Ni As) 

(Arsenical nickel.) As” \As) 
ee oe rs 

(Kupfernickel.) ...... AsNi Ac=Ni 
Nickelous sulpharsenide. re /Ni—&, 

(Grey nickel ore, nickel Agus iS)", As —As 

\S——Ni“ 


Glance.) ieee eciccccv cee 
Nickelous sulphantimo- ,_ , Ni——S\ 

nide. (Antimony { SR (NiS)", s6——_Sb 

nickel glance.)......... \S——Ni# 
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\beotute atomicity, 21. 
eid, arsenic, 128 


ye 


eo 


- 


oF) 


vp 


ve 


9° 


3) 


PA 


7 


” 


9 


oe ae 


arsenious, 127. 
boracio, 56. 

boric, 56. 

boric, monobasic, 55. 
boric, tribasic, 5f. 
bromic, 91. 
carbonic, 60. 
chlorhydric, 39. 
chloric, 50, 
chlorochromic, 192. 
chlorous, 49. 
disulphodithioniec, 77, 85. 


{ 


dieulphuretted hyposulphuric, — 


8d. 
dithionic, 78, 84 
es hitic, 58. 
1ydriodic, 93. 
hydrobromic, 89. 
hydrochloric, 3¥. 
hydrofluoboric, 5h. 
hydrofluoric, 99. 
hydroselenic, 86. 
hydrosulphuric, 72. 
hypobromous, 11. 
hypochlorous, 48. 
hypophosphorous, 118. 
hypoeulphuric, 84. 
hyposulphurous, 76, 77, 83. 
iodic, 95, 96. 
metabismuthic, 148. 
metabismuthous, 146. 
metaboria, 45, 56. 
metantimonic, 139. 
metantimonic, of Frémy, 140. 
metantimonious, 137. 
metaphosphoric, 119, 121. 
metarsenic, 128. 
metastannic, 109. 
muriatic, 39 
nitric, 63. 
nitric, manufacture of, 63. 
nitrous, 63, 65, 
orthantimonic, 139. 
orthobismuthous, 147. 
orthoboric, 56. 
parantimonic, 139. 
pentathionic 77, 85. 


Ne ee 8 


FA RN, oe 


Acid, 
ee 
ee 
ba) 
ow 
” 
ee 


39 


oh) 


ge 


Acid 


perchloric, 51. 

perchromic, 191. 

periodic, 95, 98. 

phosphoric, 119, 122. 
phosphoric, dodecabusic, 119. 
phosphoric, hexabasic, 119. 
phosphorous, 118, 120. 
pyrantimonic, 140, 
pyrarsenic, 128. 
pyrophosphoric, 119, 122 
selenic, By 

selenious, 87. 

silicic, 104. 

stannic, 108, 

sulpharsenic, 129. 
sulpharsenioua, 129, 
sulpbhydric, 72. 
sulphocarbonic, 75. 
salphochromic, 104i. 
sulphodithionic, 77, SA. 
sulphuric, 76, 80. 

sulphuric, manufacture of, 1. 
spe, Nordhausen, 76, 


sulphurous, 76. 

tetrathionic, 77, 85. 

thiosulphurie, 76, 83. 

titanic, 110. 

trisulphodithionic, 77, 85. _ 

trisul phuretted hyposulphuric, 
&h 


trithionic, 77, 84. 


salts, definition of, 13. 


Acids, anhydrous, definition of, 8 10. 


oe 


Ad 


” 


Acids 


os 


definition of, 8. 
dibasic, definition of, 9. 
formation from anhydrides, 


monobasic, definition of, 9. 
nomenclature of, 9. 
polybasic, definition of, 9. 
of antimony, 134. 

of chlorine, 48. 

of nitrogen, 63, 


Action, chemical, modes of, 1 
Active atomicity, 21. 
Afftity, chemical, 4. 
matolite, 181 
abaster, 164. 


rP2 


204 


INDEX. 
ripe 182. . Aluminium (continwed). 
Allophane, 180. Dihydric aluminic tetrasitieate, 
Allotropic oxygen, 42. 1 
‘% phosphorus, 112. Dipotassic aluminate, 180. 
- varieties of sulphur, 72. _ aluminic hexasili- 
Alum, common, 18}. cate, 107. 
»  Tanganese aluminium, 194. i aluminic tetrasul- 
»» potassium chrome, }91. phate, 181 
potassium manganese, 194. Emerald, 107. 
Aluminite, 180. Felspar, 107. 
Aluminium, 179. Fibrolite, 181. 
Agalmatolite, 181. Gibbsite, 179 
Albite, 182. Grossularia, 107. 
Allophane, 180. Kaolin of Bilan er 181. 
Alum, 181 Labradorite, 107. 


Alum, ev aad aluminiam, 


» potassium chrome, 191. 
se or rehs manganese, 


Aluminate, dipotassic, 180. 
ee magnesic, 180. 
Aluminie calcic disilicate, 107. 
- caleic trisilicate, 
107. 
» Chloride, 179. 
» hydrate, 179. 
‘i ve anous disilicate, 
»  mManganous tetrasul- 
phate, 194. 
é oxide, 179. 
»  oxydihydrate, 180. 
» sulphate, 180, 
» sulphate  tetrahy- 
drate, 180. 
» sulphide, 180, 
ds tricalcic trisilicate, 
1 


Aluminite, 190. 

Alum-stone, 181. 

Alunite, 181. 

Analcime, 182. 

Andalusite, 181. 

Anorthite, 107. 

Atomicity of aluminium, 179. 
Buchhoalzite, 181. 
Chiastolite, 181. 

Cimolite, 181. 

Coltyrite, 181. 

Compounds of aluminium, 179. 
Oyanite, 181. 

Diaspore, 180. 
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Lepidolite, 182. 
Magnesic aluminate, 180. 
Malthacite, 182. 
Miloschine, 181. 
Orthose, 107 : 

Porcelain clay, 181. 

” clay of Passau, 187. 
Prehnite, 180. 
Pyrophyllite, 107. 
Rasoumoffskin, 182. 
Saponite, 182. 

Sillimanite, 181. 
Spinelle, 180. 
Sp umene, 180. 
, 180. 
Trighucinic aluminic hexaaili- 
cate, 107. 
Wernerite, 181. 
Worthite, 18]. 
Xenolite, 181. 
Zoisite, 180. 
Alum-stone, 18). 
Alunite, 181. 
Amidogen, 28. 
Ammonia, 61, 68. 
Ammonie chloride, 61, 68. 
” salts, 69, 70. 
iy en eae carbonate, 176. 


sulphate, 175. 
Ammonium, 69. 


Ammonium amalgam, 70. 
Ammonoryl, 28. 
Amorphous boron, 52, 

ee carbon, 58. 


| Anatase, | 
_ Andalusite, 181. 
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Anhydride, antimonic, 136, 138. Antimonious sulphide, 141. 

+ antimonious, 136. ” sincide, 1383. 

” arsenic, 128, Antimoniuretted hydrogen, 132. 

% arsenioua, 127. Antimony, 130 

” auric, 177. is amorphous, 131. 

se biamuthic, 147. : compound of, with oxygen 

ns boric, 55. and sulphur, 140. 

$s carbonic, 59. zs compounds of, with sul 


ee chlorous, 47. 

a chromic, 190. 

“ hypobromous, 91. 

ee h orous, 47. 

x iodic, 95, 

“ nitric, 63, 64. 

- nitrous, 62, 65. 

Pe periodic, 95, 97. 

- phosphoric, 118, 121. 
ss phosphorous, 118, 120. 


es selenious, 87. 

= silicic, 104, 106. 

- silicoformic, 102. 

se stannic, 108. 

2 sulphantimonic, 143. 

a sulphantimonious, 141. 
sulpharsenic, 129, 140). 
“i sulpharsenious, 129). 


is sulphochromic, 192, 

z, sulphuric, 76, 7%. 

is sulphuroue, 76, 77. 
titanic, 110 


Anhydrides, conversion into acida,44. 


definition of, 8, 10. 


Anhydrous acid, definition of, 8, 10. 


Anorthite, 107. 
Antimonic chloride, 130, 134. 
‘s oxytrichloride, 135, 
is sulphide, 143. 
‘ sulphotrichloride, 135. 
a tetretho-chloride, 130. 
Antimonious amylide, 133. 
” anhydride, 136. 
is argentide, 132. 
9 bromide, 133, 13h. 
‘i chloride, 130, 133. 
re ethide, 133. 
‘3 fluoride, 135. 
” hydride, 130. 
ae iodide, 135. 
7 oxide, 136. 
“ oxybromide, 135. 
“ oxychloride, 134. 
‘ oxydisulphide, 140. 
A oxyiodide, 135, 


| 
| 
| 
| 


elo ~— awe 


ee ee ee 


a ee ee ee ee eee ne ee 


—_—as 


ur, 141. 
‘i copper glance, 142. 
se eryetailing, 131. 
oxides Psa acide of, 106. 


deitetaven ey Vai 
ntimony ore, grey, : 
Apatite, 123. es 
Aquafortie, 63, 
Are, 33. 
Argentic compounds (see Silver). 
Arie eres ( 
» compounds ot, with oxygen 
and hydroxy}, 127. 
us compounds of, with sulphur 
and hydrosulphyl, 129. 
_ white, 127. 
Arsenic enipaide, 129, 130. 
Arsenious chloride, 124, 126. 

a hydride, 124. 

i sulphide, 120. 
Arseniuretted hydrogen, 125. 
Artiads, definition of, 10. 

Atomic combination, 30. 

» weight, 2. 

»» Weights, table of, 6. 
Atomnicity, absolute, 21. 


» active, 21. 

a apparent variation of, 20. 
is latent, 21. 

9 law of variation of, 21. 


Atomicity marks, 19. 

ks of elements, 17, 
Atoma, 2, 
Auric compounds (see Gold). 
Aurous coinpounds (see Gold). 
Azote, 61. 

Azurite, 176. 


Baric carbonate, 161. 
» Chloride, 159. 
»  dihydric disutphate, 163. 
. hydrate, 159, 162. 
. nitrate, 161. 
oxide, 159, 160. 
peroxide, 160, 161. 
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Baric nag a 161. 
Barium, 159. 
» compound of, with hydrox- 
yl, 362. 


» compounds of, with oxygen, 
180. 


Baryta, 160. 
» caustic, 163. 
Bases, definition of, 31. 
1» Organic, periodides of, 3I. 
» systematic and irregular 
names of, 11. 
Basic salts, definition of, 13. 
Berthierite, 142. 
Binary compounds, 7. 
Bismuth, 144. 
s compound of, with chlo- 
rine, 144. 
‘s compounds of, with oxy- 
gen and hydroxyl, 145. 
f compounds of, with sul- 
phur, 149. 
» glance, 149. 
= ochre, 146. 
“s telluric, 150. 
Bismuthous bromide, 345. 

- chloride, 144. 

és dichlorethide, 144. 

" ditelluro-sulphide, 150. 

ee ethide, 144. 

- fluoride, 145. 

a iodide, 14h. 

4 nitrate, 146. 

‘% nitrate dihydrate, 146. 

ic oxide, 146. 

7 oxybromide, 145. 

ae oxychloride, 145. 

es oxyhydrate, 146. 

Se axyiodide, 145. 

o sulphide, I-49. 
Biemuthylic carbonate, 146. 
Bleaching-powder, 49, 165. 
Blende, manganese, 194. 

Blue copper, 175. 

a a 176. 
Bonds, deffAition of, 18. 
» nature of, 25. 

Bone-ash, 111. 

Boracite, 56. 

Boratee, 56. 

Borax, 56. 

Boric bromide, d4. 
y chloride. 54. 
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Boric ethide, 52. 

» fluoride, 54. 

» nitride, 57. 

» sulphide, 57. 
Boron, BS. 

» amorphous, 52. 

‘g povemsiaas 53. ‘ 

y» compounds of, with o 
and hydroxyl, 55. is 
Boulangerite, 122, 
| Bournonite, 142. 

Braeket, use of, 16. 
| Braunite, 193. 

Brochantite, 175. 
Bromatea, 92. 
| Bromine, 88. ep an 
; a compounds of, with oxygen 

and hydroxyl, 90. 

Bromine hydrate, 89. 
Brookite, 110. 
Brown hematite, 196. 

» iron ore, compact, 196. 
Fe » fibrous, 196. 
Brucite, 166. 
Buchholzite, 181. 


Cadmic chloride, 170. 
» hydrate, 171. 
» oxide, 171. 
.»  bulphate, 171. 
Cadmium, 170. 
Owsium, 158. 
Calamine, 168, 170. 
‘“ electric, 168. 
Calc spar, 164. 
Calcic carbonate, 164. 
. chloride, 164. 
»» @hlorohypochlorite, 165. 
,. icarbonate, dihydric, 165. 
fluoride, 164. 
» hydrate, 164. 
magnesic dicarbonate, 165. 
». Magnesio disilicate, 106. 
: pater) qua 111. 
. oxide, 164. 
a seater Sear 157. 
. peroxide, 164. 
»» phosphate, 164. 
» ph ide, 114. ; 
' ,,  tetrahydric sulphate, 164. 
‘ Calcium, 164. 
Capacity, measures of, 33. 
Capillary pyrites, 201. 


| 
| 
1 
| 
{ 
| 
| 
4 
| 
| 
| 
| 
' 
i 
| 
| 
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! 


Oarbon, 58. 


” amorphous, 58. 


‘i ~ of, with oxygen, 
» varieties of, 58. 
Carbonates, 60. 
Carbonic disulphide, 74. 
» Oxide, 60 


i oxydichloride, 61. 
» tetrachloride, 58. 


Caustic baryta, 162. 


potash, 152. 


Celestine, 168. 

Cervantite, 188. 

Chalcedony, 106. 

Chalk, 164. 

Chemical action, modes of, 1. 


i affinity, 4. 
- equations, 15, 
~ notation, 14. 


Chemistry, definition of, 1. 
Chiastolite, 181. 

Chlorates, preparation of, 50. 
Chlorhydrio acid, 39. 
Chiorides, 40. 

Chlorine, 38. 


» compounds of, with oxy- 
en and hydroxyl, 46. 
” oxides of, 46. 


Chloroform, silicon, 102. 
Chloronitrie gas, 68. 
Chloronitrous gas, 67. 
Chloropal, 107. 
Chloropernitric gas, 638. 
Chrome alum, potassium, 191. 


» iron ore, 190. 
, 189. 
Chiorochromic acid, 192. 
Chrome iron ore, 190. 
ee anhydride, 190. 
chioride, 189. 
Ks dichlorodioxide, 192. 
a dioxide, 190. 
a hydrate, 191. 
ms nitrate, 191. 
3 oxide, 189. 
perfluoride, 189. 
sulphate, 191. 
. Chromium, atomicity of, 189, 
compounds of, 189. 
_Chromous chloride, 189. 
\, dichromic tetroxide, 
“1 90. 


we — ee eee 8 


a at ee ee te ee ae er 
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Chromium (continued). 


Chsnoe tps disulphate, 
” hydrate, 180. 
» Oxide, 180. 


» sulphide, 192. 
Crocoisite, 191. 
Dichromic ferrous tetroxide, 
190. 
% trisulphide, 192. 
Dihydrie pee chromate, 
191. 


Diplumbic chromate, 188. 
Dipotasaic chromate, 190. 
r chromic sulphate, 
191. 


+ chromous dieulphate, 


19]. 
ie dichromate, 154), 
be trichromate, 140. 


Normal potassic chromate, 1400, 
Octochromic carbonate diby- 
drate, 101. 
Perchromic acid, 11. 
Plumbic chromate, 191. 
Potassic bichromate, 190. 
‘3 chlorochromate, 192. 
6 terchromate, 11), 
Potassium chrome alum, 11. 
Red lead ore, 191. 
Sulphochromie acid, 191. 
‘i anhydride, 1 $2. 
‘etrapotassic § dichromosul- 
hate, 111. 


Triplumbic dichromate, 188. 


Cimolite, 18]. 
Cinnabar, 172. 


‘ Classification of elements, 31. 


{ 
| 


Clay, porcelain, 181. 


reelain, of Passau, 18}. 
t, 199. 
Atomicity of cobalt, 199. 
Cobalt pyrites, 199, 
Cobaltic chloride, 199. 
- disulphide, 200. 
i oxide, 199. 
< oxydihydrate, 199. 
“ sulphide, 199. 
Cubaltoso-diammon-diammonic 
dichloride, 200. 
Cobaltous chloride, 199. 
a eal tetroxide, 
s q, 
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t (continued). 
Coons se sulphate, 
" ay Sere dicarbo- 
nate, 200 
” di icdisulphate, 


| 
» hydrate, 199. | 
| 





sane nitrate, 200. 
ae oxide, 199. 
su hide, 199. 
unds of cobalt, 199. 
Itic hexammon « hexam- 
acta hexachlo- 
ride, 200 
”e tetrammon-hexam- 


monic hexachlo- 
| 


Comp 
Dioo 





ride, 200. 
Dicobaltous earbonate dihy- 

drate, 200. 

oxysulphide, 200. 
Dihydric cobaltous sulphate, 


- pentacobaltous di- 
carbonate tetra- 
hydrate, 200. 
Dipotassic cobaltous dicarbo- 
nate, 200. 
eA yi gees, ata 


cae heptoxide, 199. 
Luteo-ouobalt heptaxide, 1¢ 
Purpureo-cobalt chloride, 200. 
Roseo-cobalt chloride, 200. 

Collyrite, 181. 

Combination, atomic, 30. 

i molecular, i 

Oombining proportions, 

Oommon raedie phosphate, 123. 

Compound of nirogen with chlorine, 


1 of bean with iodine 
and h 


mn, 71. 
Compound radicals, 26. 
is radicals, chief inorganic, | 
list of, 28. 
" radicals, ‘definition of, 27. 
“i radicals, dyad; 27. 
ie radicals, monad, 27. 








radicals, symbols of, 28. 

radicals, triad, 27. 

substances, 1. 
Compounds, 1; binary, re 
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Compounds of boron with oxyyet 
- and h 1, 55. 
" cata oxygen, 
” of chlorine with oxygen 
and hydroxyl, 46. 
= of nitrogen with oa 
r nitrogen wide hydro- 
oy o ae 
” of itn nitvogen with oxygen 
and hydroxyl, 62. 
‘7 of sulphur with positive 
elements, 72. 
Constitutional formule, 17. 
4. 
Ammoniocupric carbonate, 176. 
sulphate, 175. 


Atomicity of eopper, 174. 
Azurite, 176. 
Blue copper, 175. 

» malachite, 176. 
Brochantite, 175. 
Compounds of copper, 174. 
Copper azure, 17 

» glance, 174. 
ae 197. 
oride, 174. 
hydrate, 174. 

» Nitrate, 175. 

i vhorphide, 113. 

” 06 e, 

vy milplide; 175. 

sulphol:ydrate, 175. 

Ou prodiammonie carbonate, 178. 
Caprous chloride, 174. 

‘ hydrate, 174, 

» hydride, 174. 


Oupric 


és saa dihydrate, 
ae ouprous tetrasulphide, 


Dihydrio cuprio sulphate, his 

. »  diammonic ow 
smmoniceulphinie 175. 

” ric sulphate 


ge ydrate, 175. 
* ict dicarbonate. 
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Copper (continued). Definition of triads, 18. 
ioptase, 176. Diamide, trimercurio, 173. 
i eupric disulphate, | Diamond, 59. 
75. Diamond boron, 583. 
Hydrio pone silicate hydrate, | Diarsenious disulphide, 329. 
76. Diaspore, 180. 


‘ pentacupric 
pentahydrate, 175. 
4 = 
Indigo copper, 175. 
Malachite, 176. 
Mountain-blue, 176. 
Mysorin, 175. 
Red copper ore, 174. 
Ruby ore, 174. 
Ooquimbite, 198. 
Oream of tartar, 137, 150. 
Orith, 34. 
» use of the, 35. 
Crocoisite, 191. 
Crystallization, water of, 30, 44. 
Oubie foot, 33. 
Oupric compounds (see i be 


Ouprous compounds (see r). 
Cyanite, il. ae 
Dark-red silver, 142. 
Definition of acids, 8. 

‘3 acid salts, 13. 

¥. anhydrides, 8, 10. 

“ anhydrous acids, 8, 10. 

- artiads, 19. 

6 bases, 11. 

ss basic salts, 13. 

‘i chemistry, 1. 

is compound radicals, 27. 

- dibasic acida, 9. 

‘s dyads, 18. 

" haloid salte, 12. 

‘i hexads, 18. 

&s hydrates, 11. 

ee monads, 18. 

- monobasic acids, 9. 

¥ neutral salts, 12. 

‘“ normal ae 12. 

” oxysalte, 

- pentads, 18 

zs perissads, 19 

i polybasic acids, 9 

: salts, 12. 

sulpho-salte, 12. 


: tetrads, 18. 


sulphate 


ico sulphate tri- 
: 15, 


Diatomic molecules, $, 19. 
Dibasic acids, definition of, 9. 
Dibismuthie tetroxide, 145. 
Dibismuthous dioxide, 145. 

” disulphide, 149. 

“= tetrachloride, 145. 
Dicadmic sulphate dihydrate, 17}. 
Dicalcic carbonate dihydrate, 164. 
Dichlorethide, biamuthous, 144. 
Diglucinic silicate, 106. 

Diopeide, 106. 

Dioptase, 176. 

Disilicie hydrotrioxide, 102. 
Disodic disulphate, 80. 
Diaplaceable hydrogen, 9. 
Disulphide, dibismuthous, 149. 
Ditelluro-sulphide, bismuthous, 150. 
Dithionates, 84. 

Dititanic dinitride, 110. 

m hexachioride, 110. 
Dodecasodic decaphosphate, 119. 
Dolomite, 165. 

Dyad compound radicals, 27. 
» elements, 40, 159. 
Dyads, definition of, 18. 
» _hiat of, 32. 


Electric calamine, 168. 
Electro-negative elements, 4. 
Fa positive elements, 4. 

Elementary molecule, 2, 
Eloments, 1. 

‘s atomicity of, 17. 

‘i classification of, 31. 

6 dyad, 40, 159. 

‘a electro-negative, 4. 

ie electro- positive, 4. 

“ hexad, 71, 189. 

. monad, 36, 150, 

‘ names of, 8, 7. 

- negative, 4. 

‘i sented, a Il. 

oF itive, ba 

- fable of, 6. 

- tetrad, 58, 179. 

.3 triad, 52, 177. 
Ellenbogen, kaolin of, 181. 
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Embolite, 158. 
Bmerald, 107. 
Emetic tartar, 137. 
Empirical formuls, 17. 
Enstatite, 106. 
uations, chemical, 15. 
Ethide, antimonious, 133. 
» boric, 52. 
»  bismuthous, 124. 


Fahl ore, 142. 
Feather ore, 142. 
Felspar, 107. 
Ferric compounds (see Iron). 
Ferrous compounds (see Iron). 
Fibrolite, 18). 
Fibrous brown iron ore, 196. 
Flint, 106. 
Fluoride, antimonious, 135. 

~ bismuthous, 145. 

BA boric, 54. 

‘as silicic, 103. 
Fluorine, 08. 

- compound of, with hydro- 


n, 99. 
Foot, 33. i 
» cubic, 33. 
Footpound, 34. 
Formule, 14. 
a constitutional, 17. 


" empirical, 17. 
is graphioc, meaning of, 25. 
i. rational, 17. 

statical and dynamical, 25. 


Fowler's solution, 127 
Franocolite, 123. 


Galena, 186. 
Gallon, 33. 
Gas, chloronitric, 68. 
_ ee 67. 
» Chloropernitrio, 68. 
» laughing, 66. 
» Pphoegene, 61. 
are phosphoretted hydrogen, 
11 


Gibbsite, 179. 


Gold, 177. 
Atomicity of gold, 177. 
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Gold (continued). 
Auric anhydride, 177. 
» Chloride, 177. 
» iodide, 177. 
» oxide, 177. 

a sul pnise: 177. 
Aurous chloride, 177. 

» iodide, 178. 

» oxide, 177. 

» sulphide, 177. 
Compounds of gold, 177. 
Potaseic aurate, 177. 

Grain, 34 

Gramme, 34. 

Graphict formule, meaning of, 25. 
= notation, 23. 

Graphite, 58. 

Graphitic acid, 58. 

Green salt of Magnus, 183. 

Greenockite, 170. 

Grey antimony ore, 141. 

.. Nickel ore, 202. 
Grossularia, 107. 
Guanite, 167. 

Gypsum, 164. 


Hematite, brown, 196. 
“ red, 196. 
Hair nickel, 201. 
Haloid salts, definition of, 12. 
Hartmangan, 193. 
Hausmannite, 193. 
Heavy sper, 160. 
Helvine, 19%. 
Hepar sulphuris, 155, 
Heterocline, 195. 
Hexad elements, 71, 189. 
Hexads, definition of, 18. 
» hist of, 32. 
Hexasodic tetraphosphate, 119. 
Hexatomic molecules, 3 
Horn-mercury,. 171. 
» Silver, 158, es 
Hydrate, argentic, 159. 
ss hatin 162. 
7 cadmic, 171. 
as calcic, 164. 
* magnesic, 166. 
potassic, 152. 
sodic, 156. 
strontic. 163. 
- sincic. 169, 
Hydrates. 44. 
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Hydrates, definition of, 11. Iron (continued). 
Hydric oxide, 44. Ferrio chloride, 196. 

es peroxide, 45. »  Gioxydihydrate, 198. 

»  persulphide, 74. «  Gieulphide, 197. 

» _ sulphate, 76. » hydrate, 190, 
Hydride, antimonious, 132. » Nitrate, 108. 

is cuprous, 174. » Oxide, 196. 

¥ silicic, 101. »  oxy-tetrahydrate, 197. 
Hydrochloric acid, 39. » sulphate, 198. 
Hydrodiniodide, nitrous, 7). »  trialicate, 107. 
Hydrogen, 36. Ferrous carbonate, 198. 

é compounds of, with ni- » Chloride, 195. 


trogen, 68. 

” displaceable, 9. 

‘3 sulphuretted, 72. 
Hydroeulphate, hyposulphurous, 74. 
Hydrosulphyl, 28, 74. 
Hydrotrichloride. silicic, 102. 
Hydrotrioxide, disilicio, 102. 
Hydroxyl, 28, 45. 

Hyperoxide, chloric, 46. 
Hypochlorites, 49. 

Hypochlorous anhydride, 47. 
Hyposulphites, 83. 
Hyposulphurous hydroeulphate, 74. 


Indigo copper, 175. 
Tnorganie compound radicals, chief, 
list of, 28. 
Todates, 97. 
Todide, antimoniouas, 135. 
s bismuthous, 145. 
” vhosphonic, 111, 113. 
Iodine, 2. 
” compounds of, with oxygen 
and hydroxyl, 95. 
Iron, 195. 
Atomicity of iron, 195. 
Brown hamatite, 196. 
“s iron ore, 196. 
Chrome iron ore, 190. 
Compact brown iron ore, 196. 
Compounds of iron, 196. 
r pyrites, 197. 
uimbite, 198. 
Di mic ferrous 
190. 
Diferric tetrasulphide. 
1 


~ trisulphide, 197. 
Diferrous sulphide, 197. 
Dipotassic ferric sulphate, 19%. 


tetroxide, 


mmm ae emer 8 


» ferrous disulphate, 198. — 


- dichromic tetroxide, 
100), 

“ ferric tetroxide, 117. 

»  ipotassio disulphate, 
198 


‘ hydrate, 196. 

- nitrate, 108. 

‘s oxide, 14M. 

» sulphate, 198. 

» sulphide, 197. 
Heptaferric octoaulphide, 108. 
Hexahydrie § diferric diphus- 

phate dihydrate, 10k. 
Iron, micaceous, 196, 
» specular, 106. 
Iron alum, potassium, 1 (8. 
» glance, 15M}. 
» ore, brown, 196. 
» Ore, Compact brown, 196. 
» Ore, fibrous brown, 11. 
» «ore, magnetic, 197, 
» ore, needle, 148. 
» ore, apathic, 108, 
» pyrites, 117. 
Magnetic iron ore, 197. 

9 pyrites, 196, 
Martial pyrites, 197. 
Micaceous iron, 196. 

Needle iron ore, 14M}. 
Octoferrous sulphide, 197. 
Oligist, 196. 
Potassic ferrate, 197. 
Potassium iron alum, 198. 
Red haematite, 196. 
Spathic iron ore, 198. 
Specular iron, 196. 
Tetraferric sulphate, 105. 
; trioxyhexahydrate, 
108, 

Tetrahydric tetraferric sulphate 

octohydrate. 1196. 
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Iron (continued). Lead (continued). 
Triferric tetroxide, 197. Rlumbic chlorohydrate, 185. « 
Vitriol ochre, 198. ‘“ chromate, 191. 
Irregular names, 8, 11. » hydrate, 185. 
a names of bases, 11. eo nitrate, le 
, » nitrite, 186. 
Kobellite 7 ki oe ” mt fyarete, 186. 
.? ; - oxide, ' 
Kupfernickel, 202. " peroxide, 184. 
Labradorite, 107. » sulphate, 186. 
Lanarkite, 188. ” sulphide, 186. 
Latent atomicity, 21. Plumbous oxide, 184. 
Laughing gas, 66. Red lead, 185. 
Law of volumes, 3. Red lead ore, 191. 
Lead, 184. Tetraplumbic pentoxide, 185. 
Basic hyponitrate of lead, 187. i. tricarbonate aul- 
Orocaisite, 191. phate, 188. 


Dihydric diplumbic nitrate hy- 


ate, 186. 
r dipluinbic nitrate ni- 
trite, 187, 
" triplumbic dicarbo- 
nate, 187 


Diplumbic chromate, 188. 
‘5 dihydrate carbonate, 
orke's, 187. 
” nitrite hydrate, 186. 
si oxychlorobydrate, 
185. 


4% oxydichloride, 185. 
s oxydihydrate, 185. 
re sulphate carbunate, 


88. 
3 sis ("apap 


” trioxide, 185. 
Dipvutassic plumbate, 188. 
Galena, 186. 
Hydric plumbic nitrate, 186. 
Lanarkite, 188. 
Lead, atomicity of, 184. 

» compounds of, 184. 


omer toy ydichlorid 
eptor: mde, 
186, 7 
Plattnerite, 184. 


Plumbie carbonate, 187. 
A chloride, 184. 


Triplumbio dichromate, 188. 
% dihydrate dicarbo- 
nate, 187. 
” oxydichloride, 186. 
‘ tetroxide, 185. 
White lead, 187. 
» lead ore, 187. 
Lead, basic Epponiteate of, 187. 
» red, 185. 
» white, 187. 
Lead ore, red, 191. 
» ore, white, 187. 
» Spar, 187. 
» vitriol, 186. 
Leadhillite, 188. 
Length, measures of, 33. 
Lepidolite, 182. 
Letters, thick, use of, 16. 
Lime, chloride of, 49, 165. 
»  BSlaked, 164. 
me ee phoephoretted hydrogen, 112, 
14 


List of dyads, 32. 
és hexads, 32. 
ey monads, 32. 
» pentads, 32. 
tetrads, 32. 
- triads, 32. 
Litharge, 184. 
Lithia, 157. 
Lithie chloride, 157. 
» hydrate, 157. 
Lithium, 157. 
Litre, 33. 
Liver of sulphur, 145. 
Luteo-cobalt chloride, 300. 


INDEX. 


Magnesia, 166. 
Magnesia alba, 167. 
Magnesic aluminate ene), 180. 

» carbonate, 167, 

» chloride, 168, 

- hydrate, 166. 

» oxide, 165, 

9 sul te, 166. 
Magnesite, 167. 
Magnesium, 165. 
Magnetic iron ore, 197, 

ee chidpatriprey 

us, m salt of, . 
hite, 176. 

* blue, 176. 

Malthacite, 182. 


PEanganene; 192, 
uminic nee disilicate, 
195. 


- Manganone tetrasul- 
hate, 194. 
Atomicity ch tnangatiees 192. 
Braunite, 193 
Compounds of manganese, 192. 
Dihydric dimanganous silicate 
dihydrate, 105, 
7 i ae sulphate, 


Dimanganic dioxydihydrate, 
193 


aad, 


is hexachloride, 192. 
” trioxide, 193. 
D trisulphate, 194. 


Dimanganous silicate, 195. 
Dipotassic dimanganic tetrasul- 
phate, 194. 
Dipotassic manganate, 193. 
ss Manganous disul- 
phate, 194. 
¥ permanganate, 194. 
Disulphopotassic trimanganous 
Svea sales aa 
artmangan, 193. 
Hausmannite, 193. 
Helvine, 195. 
Heterocline, 195. 
aeemeneene mononilicate, 
1 


Hydric manganous phosphate, 


Manganese, siliciferous, 195. 
aa aad aluminium alum, 
194, 


ch ha octane 
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Manganese (continued). 
ganese blende, 194. 


as tassium alum, 
4. 
" spar 194. 
Manganic chloride, 192. 
< oxide, 183. 


- perfluoride, 1922, 
Manganite, 1933, 
Manganous aia dieilicate, 
1 


ss aluminic tetrasul- 
phate, 194. 
0 carbonate, 194. 
. chloride, 1192, 
‘4 dihydric sulphate, 
104. 
s dimanganic tet rox- 
ide, 193. 
‘a dimanganic tetrox- 
ide dihydrate, 193. 
$i dipotansic — diwul- 
hate, 194, 
” hy rate, 103. 
‘s bydrio phosphate, 
105, 
i oxide, 193, 
‘i silicate, 14, 


‘3 sulphide, 1{4. 
Potassium manganese alum, 
104. 
Pmlomelane, 193, 
Pyrolusite, 193. 
Red manganese, 195. 
Rothbraunsteinerz, 19, 
Rother Mangankiesel, 115. 
Siliciferous manganese, 195, 
Schwarzer Mangankiesel, 195, 
Tephroite, 105, 
Triglucinic tetramanganoue tri- 
uilicate sulphide, 104. 
Varvicite, 193, 
Manganese aluminium alum, 194. 
+i blende, 194. 
- potassium alum, )94. 
red, 195. 


9 


a tox 194, 
Manganite, 193. 
Manufacture of nitric acid, 63, 
Marble, 164. 
Marks of atomicity, 18. 
Martial pyrites, 197. 
Matlockite, 18h, 


214 INDEX. 

Measures, weights and, 32. _ Metasulphantimonite, sulphoew- ‘ 

Measures of capacity, 33. prous, 142. 
length, 33. ‘i eulphofer- 
Hs surface, 33. rous, 142. 
- weight, 34. ‘ sulphoplum- 

Meerschaum, 1 Fic, 42 


Mendipite, 186. 
Mercury, 171. 
Cinnabar, 172. 
Dihydric trimercuric dinitrate, 
173. 
Dimercurous dinitrate, 172. 
Hexahydric trimercurous tetra- 
nitrate, 173. 
Horn-mercury, 171. 
Mercurous tetrahydric dini- 
trate, 172. 
Mercurammonic chloride, 173. 
Mereuric chloride, 171. 
e oxide, 172. 
‘ sulphate, 172. 
- sulphide, 172. 
Mercurosodiammonie dichlo- 
ride, 173. 
Mercurosomercuro-diammonic 
dichloride, 173. 
Mercurous chloride, 171. 
‘a dimercuric dinitrate, 
173. 
s oxide, 171. 
se sulphate, 172. 
es sulphide, 172. 
Tetrahydric dimercurie dini- 
trate, 173. 
a mercuric 
trate, 173. 
fe mercurous dini- 
trate, 172. 
Tetramercuric carbonate, 173. 
Trimercuric carbonate, 173. 
- diamide, 173. 
‘ sulphate, 172. 
Turpeth mineral, 172. 
Vermilion, 172. 
White precipitate, 173. 
Metaborie acid, 5. 
Metalloida, 6. 
names of, 6. 


dini- 


Metals, 6. 
Metaphoephates, 121. 
Metastannic acid, 109. 


Metasulphantimonite, sulphargentic, 
142. 


Metasulphantimonites, 142. 
Metre, 

Metrekilogramme, 34. 
Miargyrite, 142. 

Micaceous iron, 196. 
Miloschine, 181. 

Modes of chemical action, }. 
Molecular combination, 30. 


ag formule, 17. 

i. union, 30, 

i volume, 2, 

- volumes, table of, 3. 


. weight, 2. 
Moleculea, 2. 

e diatomic, 3, 19. 
elementary, 2. 
hexatomie, 3. 

- monatomic, 3, 19. 
tetratomic, 3. 

2; triatomic, 3, 19. 

Monad compound radicals, 27. 

» elements, 36, 150. 
Monads, definition of, 18. 

a list of, 32. 
Monatomic molecules, 3, 19. 
Monobasioc acid. definition of, 9. 

“ boric acid, 55, 

Monomagnesic silicate, 106. 
Mountain-blue, 176. 


: Muriatic acid, 39. 


i Mysorin, 178. 


: Names, irregular, 8, 11. 


» systematic, 8, 11. 
7 trivial, 8, 11. 

Names of bases, systematic and irre 
gular, 11. 

Names of elements, 6, 7. 

Needle iron ore, 196. 


» ore, 149. 
Negative elements, 4. 
Nickel, 201. 
Antimony nickel glance, 202. 
Arsenica! nickel, 502, 


ydric nickelous sulphate 


Capillary pyrites, 201. 
201. 


INDEX. 


Nickel (continued). 
Dihydric pentanickelous dicar- 
bonate tetrahydrate, 202. 
Dinickelous diarsenide, 202. 
o. sulphide, 201. 
Dipotassicnickelous disulphate, 
201. 
és nickelous tricarbo- 
nate, 202. 
Grey nickel ore, 202. 
Hair nickel, 201. 
Kupfernickel, 202. 
Nickel glance, 202. 
Nickelic disulphide, 201. 
is hydrate, 201. 
ee oxide, 201. 
Nickelous chloride, 201. 


i diarsenide, 202. 
- dihydric sulphate, 
20] 


dinitrate, 202. 
” dipotassic disulphate, 
e )} 


ia! rg lone eems atone eS ina enheeioneenc i “cpio cei 


is dipotassic tricarbo- ° 


nate, 202. 
a hydrate, 20). 
“i oxide, 201. 
sulphantimonide. 
202. 
es sulphide, 201. 
“ sulpharsenide, 202. 
Nitrates, 4. 
Nitric oxide, 62, 66. 
» peroxide, 67, 
Nitride, boric, 57. 
Nitrites, 65. 
Nitrogen, 61. 
m compound of, with chiv- 
rine, 70. 
compound of, with hydro- 
gen and iodine, 71. 
compounds of, with chlo- 
rine and oxygen, 47. 
compounds of, with hydro- 
n, 68. 
» Compounds of, with oxygen 
and hydroxyl, 62. 
Nitrous chloride, 70. 
»  bydrodiniodide. 71. 
» oxide, 62, 66. 
Noble serpentine, 106. 
Nomenclature, 5. 
Nomenclature of acids, {. 


Non-metals, 6. 

r names of, 6). 
Normal! salts, 12. 
Notation, 14. 

‘ chemical, 14. 
é graphic, 23. 
Mg symbolic, 14. 


Ochre, bismuth, 146, 

» vitriol, 198. 
Okenite, 106. 
Oligiat, 196, 
Opal, 106, 
Ophite, 106. 
Organic bases, perivdides of, 31, 
Orthose, 107. 
Orthosu!phantimonites, 142. 
Ounce, 34. 
Oxacids of nitrogen, 63. 
Oxide, antimonioua, 136. 

.— bismuthie, 147. 

»  dbiamuthoua, 144, 145, 146. 

«carbonic, 60. 

« chioric, 44. 

»  hydrie, 44. 

.  hypochlorous, 46, 

».  hitric, 62, 66. 

. Nitrous, 62, 66. 
pyrographitie, 50, 
of antimony, 146, 
of chlorine, 46, 

» Of nitrogen, 62. 
Oxygen, 40. 

ms allotropic, 42, 


Oxides 


' Oxygen gy ear of carbon, 49. 


er cert ees ee ee 


Oxysalts, definition of, 12. 


Ozone, 42. 


Passau, porcelain clay of, 181. 
Pentad elementa, 61, 111. 
Pentads, 32. 
Re definition of, 18. 
Peridote, 106. 
Periodates, 08. 
Periasads, 10. 
Petalite, 180. 
Phenacite, 106. 
Phosgene gas, 61. 
Phosphate, triple, 123. 
Phosphates, 123. 
Phosphonic iodide, 111, 113. 
Phosphoretted hydrogen, gnaeous, 
112. 
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Phosphoretted hyd » liquid, 
3 113, 114. 

" hydrogen, solid, 
112, 114. 


Phosphoric chloride, 111, 115. 
- oxytrichloride, 116. 
‘ i 7 iahamenaisl 117. 
Phosphorite, 164. 
Phosphorous trichloride, 111, 115. 
a3 trihydride, 111. 
Phosphorus, 111. 


as allotropic, 112. 

: amorphous, 112. 

” compounds of, with 

ry eam daa 
es manufacture of, 111. 
# red, 112. 
Platinum, 182. 

Green salt of Magnus, 183. 
Platinio chloride, 183. 


” hydrate, 183. 
- oxide, 183. 
» sulphide, 184. 
Platinoso-diammonie dichlo- 
ride, 183. 
Platinous chloride, 183. 
" hydrate, 183. 
Pe oxide, 183. 
- sulphide, 184. 
Platinum, atomicity of, 182. 
3s compounds of, 183. 
Platoso-diammonic oxide, 184. 
Platoso-diammon diammonium 
dihydrate, 183. 
White compound of Reiset, 183. 
Plattnerite, 1 
Plumbago, 58. 
Plumbie compounds (see Lead). 
Plumbous compounds (see Lead). 
Polybasic acids, definition of, 9. 
Porcelain clay, 181. 
Porcelain clay of Passau, 181. 
Positive elements, 4. 


Potash, 152. 
» caustic, 142. 
um, 150. 


Dipotassic aluminate, 180. 
oe aluminic hexasili- 
cate, 107. 
~ chromate, 190. 
‘ chromic tetrasul- 
phate, 191. 


INDEX. 


| Potassium (continued). ue 
Dipotassic chromous disul- 


Hyd ric 


phate, 191. 
cobaltous dicarbo- 
nate, 200. 
cobaltous disul- 
ae aii 
cupric disul 
178. 
dichromate, 190. 
disulphide, 154. 
ferric tetrasulphate, 
; 138. disulpha 
errous disulphate, 
198. 
pepieen pia: 154. 
nickelousdisulphate. 
201. 
nickelous tricarbo- 
nate, 202. 
tasulphide, 154. 
Pmabete 168. 
sulphide, 154. 
tetrasulphide, 154. 
trichromate, 190, 
trisulphide, 154. 
ane tartrate, 137, 


sodic potassic phos- 
phate, 123. : 


Normal potassic chromate, 190. 
Potaesic saa tartrate, 


aurate, 177. 
bichromate, 190. 
carbonate, 156. 
chloride, 150, 151. 
chlorochromate, 192. 
chromate, normal, 190. 
dioxide, 153. 
ferrate, 197. 
fluoride, 151. 
hydrate, 152. 
iodide, 152. 
oxide, 153. 
perchlorate, prepnara- 

=a 

e, 

falphide, 150, 154. 
valebkedreee 16 75. 
sulpbhydrate, 154. 
terchromate, 190. 
tetroxide, 153. 


INDEX. 


Potassium (continued). 
Potassium, compound of, with 
bromine, 15). 
. compound of, with 
chlorine, 151]. 
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. Radicals, ae paps triad, 27. 
, 2. 


z 
, 
i 


% compound of, with | 
fluorine, 151. | 

compound of, with | 
hydroaulphyl. 154. 

” compound of, with 
iodine, 151. 

‘9 compounds of, 151, 

" compounds of, with - 


oxygen, 153. 
” compounds of, with 
sulphur, 1S. 
Potassium chrome alum, 191. 
. iron alum, 198. 
am manganese alum, 1 ‘4. 
Tetrapotassic dichromosul- 
phate, 191. 
Potaasoxyk 28. 
Powder, bleaching, 49, 165. 
Prehnite, 160. 
Proportion, combining, 2. 
Proustite, 130. 
Psilomelane, 193. 
Purpureo-cobalt chloride, 200. 
Pyrnites, capillary, 201. 
» cobalt, 199. 
* copper, 197. 
» iron, 197. Pe 
» magnetic, 11. 
> martial, ae 
Pyrographitic oxide, 59. 
Pyrohusite, 193. 
Pyromorphite, 123. 
Pyrophosphatea, 122. 
Pyrophyllite. 107. 
Pyrosulphantimonites, 142. 


Quadrantoxide, cuprous, 174. 
Quartz, 106. 
Quicklime, 164. 


Radicals, compound, 26. . 
; compound, chiefinorganic, 
hist of, 28. 

compound, chief inorganic, 
symbols of, 28 

Pe compound, definition of, 27. 

“i compound, dyad, 27. 

. compound, monad, 27 

VOL. I. 


ree a ee ore so ere 


tees 


eee 


9 simple 

Rational formule, 17. 
Razoumoffekin, 182. 
Realgar, 129. 
Red antimony, Fi 

« Copper ore, 174, 

a hematite. 106. 

» lead, 188. 

» lead ore, 191. 

. Manganese, 195, 

» phosphorus, 112. 

» Ailver ore, 148, 

» zine, 168, 
Reiset, white compound of, 183. 
Rock-crystal, 106. 
Roseo-cobalt chloride, 200, 
Rothbraunsteinerz, 145, 
Rother Mangankiesel, 195. 
Rubidium, 158. 
Ruby ore, 174. 
Rutile, 110. 


Salt eake, 157. 
Salta, acid, definition of, 18. 
» ammonic, 69, 
. basic, definition of, 13. 
» definition of, 12. 
» = haloid, definition of, 12. 
. neutral, definition of, 12. 
»  nornal, definition of, 12. 
» oxy, definition of, 12. 
» sulpho-, definition of, 12. 
Sand, 106. 
Saponite, 182. 
Scheecle’s green, 127. 
Schwagzer Mangankiesel, 195. 
Schweinfurt groen, 128. 
Selenite, 164. 
Selenium, 86. 
i chlorides of, 86, 
Selenium, compounds of, with oxy- 
en and hydroxyl}, &7. 
Seleniuretted hydrogen, 864. 
Senarmontite, 136. 
Serpentine, 107. 
r noble, 106. 
Signs, use of, 1h. 
& , 106. 
Aluminic caleic disilicate, 107, 
7 calcic trisilicate, 107. 
tricalcic _ trisilicate, 
107. 
Q 
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Silicates (continued). 
Anorthite, 107. 
cane magnesic disilicate, 
Chloropal, 107. 
Diglucinic eilicate, 106. 
Dihydrie oe tetrasilicate, 


a trimagnesic disilicate, 
107. 


Dimagnesic silicate, 106. 

Diopaide, 108. 

Dioptase, 176. 

vig ee 

Dizincic silicate, 107. 

Emerald, 107. 

Enstatite, 106. 

Felspar, 107. 

‘erric trisilicate, 107. 

Grossularia, 107. 

at cupric silicate hydrate, 
6. 


Labradorite, 107. 
Meerschaum, 107. 
Monomagnesio silicate, 106. 
Noble serpentine, 106. 
Okenite, 106. 
Ophite, 106. 
Orthose, 107. 
Peridote, 106. 
Phenacite, 108. 
Pyrophyllite, 1%. 
Serpentine, 107. 

ic mee Yorke’s, 106. 
Steatite, 1 
Tale, ae. 
Tetrabydric art aisilicate, 


‘s dimagnesic trisi- 


licate, 107. 
een pentasilicate, 
opas, 180. 
Triglucinic aluminic hexasili- 
rst db licate, 107. 
eaic tetrasilica 

Willemite, 106. 
Zircon, 106. 
Zirconic silicate, 106. 

Bilicic bromide, 10S. 


» chloride, 10). 
» fluoride, 103. 


INDEX. 


Silicic hydride, 101. 
‘ ydrotrichioride, 102. 
5 icdide, 103. 
» sulphide, 107. 
Siliciferous manganese, 195. 
Silicium, 99. 
Silicoformic anhydride, 102. 
Sikcon, 99. 
»  adamantine, 100 
»  ‘morphous, 99 
»  ¢hloroform, 102. 
» compounds of, with oxygen 
and ieutel 00. 104. 
100 
Billimanfve, aBL 
Silver, 158. 
Argentic chloride, 158, 159. 
is hydrate, 159, 
_ iodide, 158, 159. 
‘ nitrate, 158. 
- oxide, 158, 159. 
x peroxide, 159. 
sulphate, 158. 
Argentide, antin.onious, 132, 
Argentous oxide, 159. 
Silver, aga eae of, with oxy- 
gen, 
» horn, 158. 
Silver glance, 158. 
» ore, dark red, 158. 
Sulphargentic metasulphanti- 
monite, 142. 
Trisulphargentic sulphantimo- 
nite, 142 
Simple radicals, 26. 
» substances, 1. 
Soda ash, 157. 
Sodic carbonate, 156. 
» Chloride, 156. 
» hydrate, 156. 
» oxide, 156. 
« nitrosulphate, 71. 
» Pyrantimoniate, 140. 
» Silicate, Yorke's, 106. 
sulphide, 157. 
Sodium, 156. 
acy epee hydrogen, 112, . 


ar lead, 187. 
manganese, 194. 
Spathic iron eC 
Specular iron, 1 
Spinelle, 180. 


INDEX. 


Spodumene, 180. 
nic compounds (see Tin). 
ous compounds (see Tin). 
Statical formulg, 25. 
Steatite, 107. 
Stibnite, 141. 
Strontianite, 163. 
Strontic carbonate, 163. 
chloride, 163, 
» hydrate, 163. 
a oxide, 163. 
Z peroxide, 163, 
fe sulphate, 163. 
Strontium, 163. 
Struvite, 167. 
Substances, compound, |. 
5 simple, 1. 
Sulphantimonites, 142. 
eel pasteectic metasulphantimonite, 


Sulphates, 82. 
Salphhydrntes, 738. 
Sulphhydric acid, 72. 
Sulphide, antimonic, 141, 143. 
Pa antimonioua, 141. 
» arsenic, 129, 130. 
s arsenious, 129. 
»  bismuthous, 149. 
‘i boric, 57. 
Sulphides, 73. 
Sulphites, 78. 
Sulphobismuthites, 149. 
Sulphocarbonates, 75. 
Sulphocuprosoferrous pyrosulpban- 
timonite, 142. 
Sulphocuprous 
nite. | 
Sulphoferrous metasulphantimonite, 
142 


metasuiphantimo- 


Sulphohydrate, cupric, 175. 
Sulphoplumbic metasulpbantimo- 
nite, 142, 
" pyrosul phantimo- 
nite, 142. 
‘ sul phobismuthite, 
149. 
Sulphoealts, definition of, 12. 
Sulphosulphates, 83. 
Sulphur, 71. 
»  allotropic, varieties of, 72. 
an ogue of oxygen, 72. 
compounds of, with posi- 
tive elements, 72. 
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Sulphur, compounds of, with D. 
sd hydroxyl, 76. ee 
Sulphuretted hydrogen, 72. 
Sulphuric dioxydichloride, 71. 
Surface, measures of, 33. 
Symbolic notation, 14. 
Symbols, 6, 14. 
~ table of, 6. 
Symbole of chief inorganic oom- 
pound radicals, 28, 
Systematic names, 8. 
sx names of bases, 11. 


Table of atomic weights, 6. 
és elements, 6. 
. metalloids, 6, 32. 
a molesular volumes, 3. 
ss negative olementes, 4. 
_ non-metale, 6, 32. 
. syinbols, ¢. 
Tale, 106. 
Tartar, cream of, 137, 151. 
Tartar emetic, 137. 
Telluric bismuth, 150, 
Tellurium, 87. 
“3 compounds of, 88. 
Temperature, 34. 
Tetrachloride, carbonic, 58. 
Tetrad elements, 58, 179, 182, 184. 
Tetrads, definition of, 18, 
list of, 32. 
Tetradymite, 150. 
Tetratomic molecules, 3. 
Totrethylarvonic chloride, 124. 
Tetrethyl-stibonic chloride, 130. 
Thallic chloride, 178. 
i oxide, 178. 
»  Oxyhydrate, 178. 
Thallous carbonate, 178. 
7 chloride, 178. 
“6 nitrate, 178, 
43 oxide, 178. 
< sulphate, 178. 
s sulphide, 178. 
Thallium, 178. 
Thick letters, use of, 16. 
Tin, 108. 
Stannic acid, 108. 
" anhydride, 108, 
i chloride, 108. 
; oxide, 108. 
‘ sulphide, 10%. 
Stannous chloride, 108. 
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Tin (continued), 
Stannous hydrate, 108. 

ys oxide, 108 

" stannate, 108. 

. sulphate, 109. 

” sulphide, 109. 

- sulphostannate, 109. 
Tin, compounds of, 108. 
Tinea), 56. 
Titanic acid, 110, 

» anhydride, 119. 

» oxide, 110. 

» sulphide, 110. 

» tetrachloride, 110. 
Titanium, 109. 

: compounds of, 110. 
Titanous oxide, 110. 

Topaz, 180. 
Triad compound radicals, 27. 

» elements, 52, 177. 
Triads, definition of, 18. 

. list. of, 32 
Triamylatibine, 135. 
Triatomic molecules, 3, 19. 
Triethylstibine, 1383. 
Triethylsulphine iodide, 71. 
Trimercuric diamide, 173. 
Triphylline, 157. 

Triple phosphate, 123. 
Trisodic phosphate, 123. 

‘3 sulphophosphate, 118. 
Trititanic tetranitride, 110. 
Trivial names, 8. 

Turpeth mineral, 172. 


Union, molecular, 30. 
Use of signs, 15. 
» of the brackot. 16. 
» of the crith, 35. 
» of thick letters, 16. 


Valentinite, 136. 
Vanadium, 123. 


" compounds of, 12-4. 
Variation of atomicity. apparent, 20. 
law of. 21. 


Varieties of carbon, 58. 
z eulphur, 72. 


men me eee. 
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Varvicite, 193. 
Vermilion, 172. 
Vivianite, 128. 
Vitriol, lead, 186. 
Vitriol ochre, 198. 
Volume, molecular, 2, 3. 
Volumes, 3. 

i law of, 3. 


Water, 44. 
Water of crysiallization, 30, 44. 
Wavellite, 123. 
Weight, atomic, 2. 
‘ measures of, 34. 
ie molecular, 2. 
Weights, atomic, table of, 6. 
Weights and measures, 32. 
Wernerite, 181. 
White arsenic, 127. 
» compound of Reiset, 183. 
» lead ore, 187. 
oxide of arsenic, 127. 
Willemite, 106. 
Witherite, 160. 
Worthite, 181. 


Xenolite, 181. 


Yorke’s diplumbic dihydrate carbo- 
nate, 187. 
»  sadic silicate, 106. 


Zine, 168. 

» compound of, with oxygen, 169. 
Zine blende, 168. 

» glass, 168. 

Zincic carbonate, 168, 170. 

. chloride, 168. 

» hydrate, 168, 169. 

» oxide, 168, 169. 

»  Bsulphate, 169. 

» sulphide, 168. 
Zincide, antimonious, 133. 
Zincoxyl, 28. 

Zinkenite, 142. 
Zircon, 106. 

Zirconic silicate, 106. 
Zoisite, 180. 


